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CONVERSION FACTORS, NON-SI TO SI (METRIC) 
UNITS OF MEASUREMENT 


Non-SI units of measurement used in this report can be converted to SI 


(metric) units as follows: 


Multiply By To Obtain 
feet 0.3048 meters 
gallons 3.785 liters 
inches 2.54 centimetres 
short tons (mass) 907.185 kilograms 


BEACH PROFILE CHANGE MEASURED IN THE 
TANK FOR LARGE WAVES, 1956-1957 AND 1962 


PART I: INTRODUCTION 


Background 


1. Engineering activities in the coastal zone may alter the pattern of 
sediment transport and bathymetry in the vicinity of the site, and expected 
changes in the profile must be estimated as part of the design process. For 
example, quantitative prediction of changes in the beach profile induced by 
wave action is required for designing structures, beach fill, and berms and 
dunes that will serve as shore protection against storms. Accurate data are 
the foundation upon which a quantitative understanding of beach profile change 
must be built. 

2. To obtain the most useful data in the laboratory, experiments should 
be performed at a sufficiently large scale to reproduce the physical processes 
that are responsible for profile change on field beaches. There are limita- 
tions to laboratory experiments, even those of prototype scale. These include 
potential residual scale effects, artificial wave reflection, absence of very 
long wave motions, artificial vertical water circulation, and seich, as well 
as absence of alongshore sediment movement if tanks are used. However, the 
capability to measure the response of the profile under controlled conditions 
of the laboratory and with systematic changes in sand grain size, wave charac- 
teristics, and water depth allows isolation of the underlying physical pro- 
cesses far more easily and much less expensively than can be done in field 
experiments. In this sense, complete elimination of longshore effects in tank 
studies may be viewed as a benefit. 

3. During 1955-1983, the Beach Erosion Board (BEB) and its successor 
organization, the Coastal Engineering Research Center (CERC), operated a large 
wave tank called the "Tank for Large Waves" or the "Large Wave Tank" (LWT). 
Two series of movable-bed model experiments on beach profile change were 
conducted in the LWT. The series were mainly distinguished by the grain size 
of the bed material. Nine major cases, called "tests" in the original work, 
were run with each of two sand sizes (0.22 mm and 0.40 mm median diameter) 


with essentially the same water depth and "offshore" wave conditions. Cases 


for a given grain size were characterized by waves of varying steepnesses, 
producing either accretionary or erosional profiles. 

4, Only three sources of published information exist on the experiments 
from approximately the time period in which they were performed. In a land- 
mark paper on scale effects in movable-bed models, Saville (1957) presents 
results of four cases pertaining to the 0.22-mm sand and similar experiments 
performed in two smaller tanks. Caldwell (1959) gives a short discussion and 
a table summarizing incident wave characteristics and shoreline change in 
selected runs of eight cases involving the 0.22-mm sand. Saville and Watts 
(1969) present some drawings of profiles and comparison of results for 
selected cases with the 0.22- and 0.40-mm sands. To date no report containing 
a full compilation of the data has been published on the experiment series 
with the 0.22-mm sand, and no detailed information has been publicly available 
on the second series of experiments performed using the 0.40-mm sand. 

5. In recent years, tanks comparable in size to the LWT have been built 
in several countries. The capabilities afforded by modern instrumentation 
allow more efficient and accurate measurement of profile change, sediment 
transport, waves, and fluid flow than were possible during the experiments in 
the LWT. The cost of performing large movable-bed experiments is extremely 
high, however, and only a few such data collection programs have been reported 
(Kajima et al. 1983, Vellinga 1986, Dette and Uliczka 1987). 

6. A wealth of data was collected in the pioneering experiments on 
beach profile change employing the LWT, and it is doubtful that experiments 
using the same wave and beach conditions will be performed again in any 
facility. The data thus constitute a valuable resource that should be 
preserved. Although three decades have passed since the experiments were 


performed, most of the original data is extant. 


Scope 


7. The purpose of this report is to fully document the experiments 
performed and the data obtained on beach profile change using the LWT. Mea- 
sured beach profiles and wave characteristics are given for all major cases 
recorded in the original logbooks and other primary data sources. An effort 
was made to assemble background information on the characteristics of the tank 


and experiment conditions and procedures. This information is included to 


facilitate interpretation of the results in unknown future uses of the data. 
Representative morphologic and transport properties are also given to demon- 
strate general trends exhibited by the data and to allow comparison to other 
sources. 

8. Appendix A contains supplementary data associated with the profile 
change experiments: breaking wave height and location, sand fall velocity, 
runup, estimated water temperatures, and time-history of the water level for 
the case of a simulated tide. Appendix B contains plots of the measured 
profiles. The plots provide an overview of the sequence of profile change 
that occurred for each set of wave conditions and beach material. The plots 
were generated from the raw survey data contained in Appendix C. Unpublished 
documents and records of personal communications are cited in the text and 
collected the endnotes (preceding the references). 

9. US customary (non-SI) units were used in design of the laboratory 
facilities and in making measurements. This system of units was maintained in 
this report in description of facilities and general discussion of the mea- 
surement procedure to avoid awkwardness in phraseology and to retain exact 
values for equipment design that would be lost in conversion to the metric 
system. (Conversion factors are given on page 6). Results that are likely to 
be used in research, such as wave heights, water levels, and volume changes, 


are given in metric units in the main text. 


PART II: DESCRIPTION OF FACILITY AND EXPERIMENTS 


Large Wave Tank 


10. The LWT was originally located at the Dalecarlia Reservation in 
Washington, District of Columbia. Use of the tank at Dalecarlia, with a small 
generator installed, began in 1955. The tank began full operation in 1956 and 
was abandoned in 1973 when CERC moved to Fort Belvoir, Virginia. A new tank 
of identical specifications, in which the wave generator from the tank at 
Dalecarlia was used, was constructed at Fort Belvoir. The facility at Fort 
Belvoir became operational in 1975 and was mothballed in 1983. Information on 
the LWT at Dalecarlia is contained in a 1964 BEB report (Raynor and Simmons 
1964), and a portion of the material in this section is excerpted from that 
report. Only information relevant to the movable-bed experiments is given 
here, so that only the Dalecarlia tank is of interest. 

11. The conerete tank was 635 ft* long, 15 ft wide, and 20 ft deep and 
was located outdoors. A manually operated instrument carriage moved on hori- 
zontal rails along the top of both side walls of the tank. The instrument 
carriage carried personnel and instruments required to perform measurements. 
Approximately one million gallons of water were required to fill the tank to 
the standard operational depth of 15 ft. The tank was filled through either 
of two 5-in. lines leading from an 8-in. freshwater main. Water was supplied 
from the Dalecarlia reservoir. Filling normally required about 8 to 10 hr, 
and valves could be set to automatically cut off at any predetermined level to 
allow filling to take place during the night without loss of normal work 
time. Pictures of the tank are given in Figures 1 and 2. 

12. The wave generator (Figures 3 and 4) consisted of a vertical bulk- 
head 15 ft wide and 23 ft high mounted on a carriage. The carriage moved 
back and forth along rails on the top of each wall of the tank; and two 42-ft 
9-in.-long arms, connected to two driving disks at an adjustable eccentric, 
transmitted the oscillatory motion to the carriage and bulkhead. Each disk 
was 19 ft in diameter and weighed 14 tons. The disks were driven through a 


train of gears by an 510-hp constant speed electric motor. Motion of the 


* A table of factors for converting non-SI units of measurement to SI 
(metric) units is presented on page 6. 


10 


Figure 1. LWT, view toward wave generator (Fort Belvoir) 


Figure 2. LWT, view toward wave generator (Dalecarlia) 
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Figure 3. Wave generator in the LWT showing 
the bulkhead at lower left (Dalecarlia) 


Figure 4. Wave generator in the LWT showing the large 
disks and drive-arm connector holes (Dalecarlia) 
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bulkhead was controlled by a series of gears that allowed generation of 
specific, discrete wave periods. Later, a variable speed 810-hp motor was 
installed such that, with one change of gears, a continuous range of wave 
periods between 2.6 and 24.8 sec could be generated. The maximum operational 
wave height was approximately 6 ft, although breaking wave heights up to 10 ft 
were recorded in the logbooks from the movable-bed experiments. Water 


spillage over the tank walls occasionally occurred. 


Experiment Procedure 


13. The general procedure followed during the movable-bed experiments 
performed during 1956-1957 and 1962 is described in this section. '” 

14. Prior to the start of most new cases, sand was emplaced to form a 
1 on 15 slope. About 1,700 cu yd of sand were required. A fine quartz sand 
of median diameter 0.22 mm was used in the experiment performed during 
1956-1957, and a medium quartz sand of 0.40 mm median diameter was used in the 
experiment performed in 1962. Specific gravity of the sands was 2.65. 

15. The initial beach slope was formed with a small bulldozer. A line 
was drawn on the side of the tank to direct the height of the bulldozer blade 
while grading the slope. No sand was allowed to remain on the bottom of the 
tank seaward of the toe of the beach after formation of the initial slope. 

The distance between the initial location of the toe of the beach and the wave 
generator bulkhead was approximately 315 ft for experiments with 0.22-mm sand 
and approximately 72 ft for experiments with 0.40-mm sand. The effective 
length of the tank was shortened for the experiment series utilizing 0.40-mm 
sand because another model had been installed at the end opposite the wave 
generator, and it was desired not to remove this model. 

Depth surveys 

16. Considerable effort was devoted to development of a profile rod 
that would give an accurate depth measurement and not sink into the bed. A 
rod with a pivoting foot produced the best results. Various sizes of feet 
were employed in a series of refinements of the survey rod. In making the 
profile surveys it was noted that the porosity of the sand bed differed 


slightly depending on location along the profile. Near the shoreline the sand 


* Endnotes section appears at the end of the main text. 
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became more compact under continued wave action, whereas near the toe of the 
slope, the bed surface became looser. In early runs, the survey rod was 
attached to a pulley; this was later converted to a crank system attached to 
the movable instrument carriage. 

17. Depth surveys were made in 4-ft increments and at prominent breaks 
in slope at irregular time intervals from 1 to 16 times, not including the 
initial profile. The resultant beach profile change under wave action proved 
to be highly two-dimensional. In the experiment conducted during 1956-1957, 
surveys were first made along three lines parallel to the axis of the tank, 
but no significant lateral differences were found. Because of the observed 
lateral uniformity, subsequent surveys were limited to the center line of the 
tank. In the 1962 experiment, surveys were made along three lines, although 
they too exhibited lateral uniformity. If sand was transported seaward of the 
location of the initial toe of the beach, surveys were usually extended to a 
point where the horizontal floor of the tank was reached. Profile elevations 
were recorded in 0.1-ft increments. 

Wave height and period 

18. Wave height was usually measured with a stepped resistance gage 
placed seaward of the toe of the beach. It is believed that the spacing 
between resistance gage elements was 2 in. in earlier work and 1 in. in later 
work, but the date of change between element types is not known. Accuracy of 
wave height measurements is limited by this spacing, both at the crest and the 
trough, but the errors would tend to cancel since a difference is taken to 
obtain the wave height. Visual estimates of wave height were also made by use 
of markings painted on the wall of the tank. Wave period was set through the 
gearing mechanism of the wave generator. The period is exact because it was 
produced by a constant speed motor connected to a specific gear. 

Wave reflection 

19. The wave generator was run continuously between depth surveys (not 
in the burst mode) and the amount of reflection in the tank was not quanti- 
fied. Reflection in tests with structures was apparent as large nodal points 
along the walls of the tank (Figure 2), whereas nodal points observed in the 
movable-bed experiments were smaller. Based on experience with many kinds of 
tests performed in the tank, including tests with rubble-mound structures for 
which notable reflection did occur, it is believed that reflection from the 


beach was small, particularly for the shorter period tests (3.75 and 
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5.6 sec) .21394 The exception occurred when the beach eroded to expose the 
end wall of the tank in Cases 100 and 110. In these tests, reflection was 
observed to increase as the scour depth increased to expose more of the end 
wall. 
Water temperature 

20. Water temperature in the tank most likely exhibited seasonal varia- 
tions since it was not controlled and the tank was not sheltered. Although 
temperature was not measured during the experiment (except for one case), it 
is possible to obtain estimates of the water temperature for each of the 


respective cases (Appendix A). 


Recording of Data 


21. During the experiments, profile survey measurements, wave height, 
and other information were recorded in logbooks. Measured profiles were 
plotted soon after each run was completed to determine if the profile had 
achieved a near-equilibrium shape, i.e., if further changes would be small. 
Many of the plots were digitized in 1979 and the data placed on a nine-track 
magnetic tape for replotting by computer .? 

22. It is believed that there were seven logbooks holding the data 
from all LWT experiments performed with the 0.22- and 0.40-mm sands. These 
logbooks also contained data for similar experiments concurrently performed in 
small tanks to investigate scale effects. However, only five logbooks 
were located in the course of preparing this report. In the present work, 
those profile surveys not on the magnetic tape but appearing in the available 
logbooks were entered into computer files in the same format as the data digi- 
tized in 1979. The format is described in Appendix C. 

23. Through a combination of the three available data sources (log- 
books, hand-drawn plots made during the course of the experiments, and the 
magnetic tape), almost all of the known profile surveys were recovered. Plots 
generated from the 1979 tape were visually compared to the original plots in 
order to verify and correct the data files. Thus, essentially all profile 
change data sets from the movable-bed experiments performed in the LWT in 
1956-1957 and 1962 have been recovered, digitized, and verified. 

24. A compilation of the associated wave data was made in the prepa- 


ration of this report. There were three primary sources of data on the 
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incident waves: the logbooks, the paper of Saville (1957), and the report of 
Caldwell (1959). It is also known that the wave generator settings for cases 
with 0.40-mm sand were the same as those for 0.22-mm sand. The logbooks con- 
tained information on the breaking wave height and location measured during 
some runs; these quantities are tabulated in Appendix A. 

25. Hallermeier (1987) gives a table listing values for many of the 
experimental parameters tabulated in this report (see also Collins and Chest- 
nutt 1975, Seelig 1983). There are slight discrepancies with the values pre- 
sented here. It is believed that values given in the present report represent 


the best available description of the data. 


PART III: SUMMARY OF THE DATA 


26. This chapter contains a summary of the data on beach profile change 
and wave conditions associated with the movable-bed model experiments per- 
formed in the LWT during 1956-1957 and 1962. This chapter is intended to pro- 
vide sufficient background information to allow analysis of the raw profile 


data contained in Appendix C. 


Experiment Cases 


27. Profile survey data are available for nine major cases in the two 
experiment series performed with 0.22- and 0.40-mm sand (Table 1). A "Case" 
is defined as a collection of sequential profiles for a beach subjected to 
incident waves of specified height and period. Wave properties pertain to the 
horizontal section of the tank. Except for two cases (510 and 610), the 
initial beach profile was an approximately 1 on 15 uniform slope. Table 1 
gives the case numbers and elapsed times at which the profile was measured. 
Total wave action typically ranged between 30 and 100 hr, and the times of the 
surveys are given in decimal form. 

28. The numbering system for the cases is a modification of that estab- 
lished by Birkemeier.© Each case is identified by a three-digit number. The 
first digit gives the ordinal number of the case and identifies the incident 
wave conditions. Cases with the same first digit correspond to the same in- 
cident wave conditions. The second digit, if different from zero, identifies 
a variation performed in connection with the generic case with the same first 
digit and zero as the second digit. The third digit identifies the grain size 


used: 0 corresponds to 0.22-mm sand, and 1 corresponds to 0.40-mm sand. 
Incident Wave Conditions and Water Levels 


29. Wave conditions and water levels are listed in Table 2. During 
Case 700, the water level was decreased between profiles taken at elapsed 
times of 5 hr and 10 hr, probably to eliminate water loss at the sides of the 
tank. The water level was held at 3.81 m thereafter. Wave data appear in the 
logbooks in connection with a small-scale model experiment to be associated 


with Case 601. However, no record of Case 601 exists, and it is believed 
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Table 1 
Cases and Times of Profile Surveys 


Number of Time of Profile Survey 
Case No. Profiles hr 
0.22-mm Sand 
100 t/ Os Iq S5 125 195 25055, 30) 
110 8 O, Vo 35 So Ip Wotibo 25055. 30 
200 13 On 25 he 05 Sy On bcbn Wetin. 545), 
28.5, 34.5, 40, 46 
300 10 Ose Sy By 105 19 20s 305 FO, So 
400 9 Oo We Ss So 104 Ws 20s. B05 YO 
500 15 4 Ih 35 Sy IOS s BO, 206 20, SO, 
60, 70, 80, 90, 100 
510 17 Os 4 2 56 WO ep 205.805 40, 50), 
60, 70, 80, 90, 100, 110, 120 
600 10 Oy Seo So ls We 20, sO, LO, Co 
610 2 0, 0.75 
700 15 On To Be Seals Wi, ieo, B05 Lo, SO 
60, 70, 80, 90, 100 
0.40-mm Sand 
101 11 Oe oi 5 S56. 104 V5 155 195 20, 
Ae). 530) 
201 10 Oy Wh. Gal'Si5 6 OR SS ZO, Eo5 UO 
301 10 Ons 35 By MOA eA 20, 1sOR SO). So 
401 12 Os Te Sa Sy 105 We 2p ZO, do, So 
60, 66 
501 11 Ore 86 S505 14205 S04 ZO, 50, CO 
701 15 On ge Wetlea Sin Cea Sy aarp. 10 
123185 155 205 Zissse ss s8ine84. UO 
801 10 OF anes Ona On Ont 2 On S0),) 4050 
901 13 OM ese Nomen Oe saa alo or 
Boel Sih Shlotlh Steals GOesin Geo) 
911 12 Oo n Sets Oosan Jose su «eis. 
QUNBrY Silmishelinn Sieen, HOOKS 
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Table 2 
Wave Height, Wave Period, and Water Depth in Horizontal Section 


of the Tank 
Deepwater 
Wave Height Wave Period Water Depth Wave 
Case No. m sec m Steepness 
Q.22-mm Sand 
100 1.28 11.33 4.57 0.0054 
110 1.28 11.33 4.57 0.0054 
200 0.55 ess 4.57 0.0023 
300 1.68 Wess} 4.27 0.0070 
400 1.62 5.6 4 yo 0.0351 
500 Woe B35 1/3) 4.57 0.0750 
510 0.61 16.0 4.57 0.0011 
600 0.61 16.0 4.57 0.0011 
610 1.83 16.0 4.57 0.0033 
700 1.62 16.0 4.11 0.0028 
(3.81)* 
0.40-mm Sand 

101 28 iit33 4.57 0.0054 
201 0.55 Wess) 4.57 0.0023 
301 1.68 U 653s) 4.27 0.0070 
401 1.62 5.6 442 0.0351 
501 1.52 535 1/5) 4.57 0.0750 
601 0.61 16.0 4.57 0.0011 
701 1.62 16.0 328i 0.0028 
801 0.76 3.75 4.57 0.0377 
901 1.34 7.87 3.96 0.0129 
911 1.34 On 3.90%" 0.0129 


* Water level decreased between 5 hr and 10 hr. 
** Mean of varying depth between 3.5 m and 4.4 m. 
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that this case was never performed in the LWT because profile change in 

Case 600 was highly accretionary, and main interest of the 1962 experiment 
was in erosion. For Case 911, a tidal cycle with a period of approximately 
12 hr was simulated; the water depth ranged between 3.5 and 4.4 m, giving an 
average depth of 3.96 m, equal to that used in Case 901. 

30. The deepwater wave steepness values listed in Table 2 were cal- 
culated as the ratio of deepwater wave height and deepwater wavelength 
(gT°/2m)*, where g_ is acceleration of gravity and T is wave period. The 
deepwater wave height was obtained by conversion of the wave height measured 
in the uniform-depth section according to linear wave theory. Deepwater wave 


steepnesses vary by a factor of about 70. 


Profile Morphology 


31. The profile was surveyed frequently during the initial stage of 
each case to record the rapid change that occurred. The time interval between 
profile surveys was determined through judgment of the rate of profile change 
and the approach to equilibrium. The judgment was made by plotting profiles 
soon after measurement and comparing relative changes. Therefore, intervals 
between profile surveys differ for individual cases. The approach to equi- 
librium is quantitatively examined in Part IV. 

32. General characteristics of the final (near-equilibrium) profile 
reached for each of the 15 generic cases are listed in Table 3. These and the 
developing profiles are displayed in Appendix B. Here, an erosional profile 
is defined as a profile exhibiting a notable bar, and an accretionary profile 
is defined as a profile exhibiting a notable berm. Of the 15 generic cases, 
eight terminated with erosional profiles (Cases 100, 300, 400, 500, 700, 401, 
501, and 901) and seven terminated with accretionary profiles (Cases 200, 600, 
101, 201, 301, 701, and 801), although little net change occurred in Case 801. 


Breaking Wave Characteristics 


33. A summary of available information on the breaking waves is listed 


in Table 4. The location of the break point is calculated as the distance 


* For convenience, symbols and abbreviations are listed in the Notation, 
Appendix D. 
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Table 3 
Major Morphologic Features Exhibited by the 15 Generic Cases 


"Case No. ~+| Morphologic Characteristics of Final Profile _ 

Q.22-mm Sand 

100 Bar, inshore step 

200 Berm, step, double bar; bars join together 

300 Inshore step, bar trough, double bar; bars join 

together 

400 Inshore step, bar trough, bar 

500 Inshore step, bar trough, separated bars 

600 Berm, inshore step 

700 Inshore step, double bar; bars join together 
0.40-mm Sand 

101 Berm, short inshore step, bar 

201 Berm 

301 Berm, bar trough, bar 

401 Bar 

501 Inshore step, bar 

701 Berm 

801 Berm, small bar 

901 Berm, inshore step, double bar; bars join together 
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Table 4 
Summary of Breaking Wave Data 


Average Breaking Most-Landward Most-Seaward 
No. of Wave Height Location Location 
Case No. Values m m m 
0.22-mm Sand 
100 NA lof NA NA 
110 NA Voll NA NA 
200 NA Vol NA NA 
300 10 2.0 33 42 
400 10 203 NA NA 
500 12 1.9 30 63 
510 8 16 16 25 
600 8 Vol 14 16 
610 NA NA NA NA 
700 11 Opal 32 50 
0.40-mm Sand 
101 44 1.8 23 29 
201 49 1.9 20 23 
301 30 2.4 28 34 
401 48 2.4 28 42 
501 47 16 36 48 
701 KO 2.0 27 34 
801 45 0.8 11 15 
901 54 2.0 29 42 
911 NA NA NA NA 


Note: Notation NA indicates data not available. Horizontal 
distances referenced from initial still-water shoreline. 


from the initial position of the still-water shoreline. The breaking wave 
height and location of the break point as a function of elapsed time are given 
in Appendix A. 

34. In Case 500 the breaking wave height was twice measured at a secon- 


dary breaking position in the surf zone. The average height of the secondary 
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breaker was 1.1 m, and it was located 15-20 m from the position of the initial 
still-water shoreline (Table A3). Similarly, in Case 501, the breaking wave 
height was measured 17 times at a secondary breaking position. The average 
secondary breaking wave height was 0.8 m, and the breaker was located 5-8 m 


from the initial still-water shoreline (Table A12). 


Variations and Exceptions 


35. Information on case variations and exceptions is collected in this 
section. The initial profile (0 hr) for Case 510 was essentially the same as 
the final profile (100 hr) from Case 500. In going from Case 500 to Case 510, 
wave height and period were changed from 1.52 m and 3.75 sec to 0.61 m and 
16.0 sec, with the water depth held the same in order to determine if the 
after-storm recovery process observed in the field would occur. The eroded 
profile produced by steep waves in Case 500 underwent partial recovery under 
the low steepness waves of Case 510. 

36. The initial profile (0 hr) for Case 610 was essentially the same as 
the final profile (60 hr) for Case 600. In going from Case 600 to Case 610, 
wave height was increased from 0.61 m to 1.83 m, while holding the wave period 
and water level fixed, to determine if the accretionary profile would erode 
under higher waves. This increase in wave height tripled the value of the 
wave steepness and produced erosion of the near-equilibrium profile estab- 
lished in Case 600. 

37. Wave height and period were the same for Cases 901 and 911, but the 
water level in Case 911 was cyclically varied in a stepwise fashion with an 
approximate 12-hr period to simulate a tide (Table A19). The objective of 
this case was to determine if the varying water level would smooth the profile 
as compared to a fixed level. This effect was observed. Water level ranged 
between 3.5 and 4.4 m to give the mean still-water level of 3.96 m used in 
Case 901. 

38. The same wave conditions were used in Cases 110 and 100 to verify 
reproducibility of the generated profile change; good agreement was found. In 
both cases, the profile eroded to the end of the tank and reflection 


increased. 
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PART IV: REPRESENTATIVE CHARACTERISTICS OF THE DATA SET 


39. This chapter notes general trends and representative characteris- 
tics of the data set on profile change obtained with the LWT. Emphasis is 
placed on time evolution of selected properties of bars and berms. 

40. First, the procedure used to define morphologic features of bars 
and berms is described. Secondly, profile types are classified as being 
either bar or berm, and a criterion for distinguishing these limiting profile 
shapes is developed in terms of the deepwater wave steepness and a dimension- 
less sand grain fall velocity parameter. Such a criterion can be used di- 
rectly as a predictor of beach erosion and accretion. Examples of the time 
evolution of selected bar and berm features are also given. The chapter con- 
cludes with a discussion of the net cross-shore sand transport rate along the 
profile and the associated transport rate distributions. 

41, For the analysis, each profile was expressed in a cubic spline 
representation, resulting in approximately 75 polynomials per profile. This 
representation facilitated numerical evaluations and gave a continuous mathe- 
matical description of the profile. Only those cases involving plane initial 
beach slopes (all cases except Cases 510 and 610) were used to allow direct 
interpretation and intercomparison of results. 

42, Numerical values are expressed in metric units. It is emphasized 
that the original profile survey data listed in Appendix C are given in US 


customary units, i.e., distances are expressed in feet. 


Definition of Bars and Berms 


43. In a qualitative sense, bars and berms are readily identifiable 
features associated with local regions of deposition along the beach profile. 
Figure 5 is a definition sketch for the nomenclature associated with bars and 
berms that is employed in this chapter. 

44, No commonly accepted procedure exists for defining bars and berms 
in a quantitative manner. For the purpose of making calculations, bars and 
berms and their associated properties were defined with respect to the initial 
profile. This procedure provided an unambiguous interpretation of quantities 
such as bar/berm volume and height and gave results compatible with the 


intuitive picture of bars and berms as depositional features. 


24 


Figure 5. Definition sketch for bar and berm features 


45. In the various cases, a bar formed if material was deposited in the 
offshore region of the profile (main direction of sand transport offshore), 
whereas a berm formed if material was deposited on the foreshore (main direc- 
tion of sand transport onshore). A more thorough discussion of beach profile 
morphology and its relation to the controlling wave and sediment parameters is 
given by Larson and Kraus (1988a). They used data presented in this report 
together with data from an independent experiment performed at the Central 
Research Institute for Electric Power Industry (CRIEPI) involving another 


large wave tank (Kajima et al. 1983). 


Classification of Bar and Berm Profiles 


46. The response of the beach profile to the waves incident upon it may 
be classified according to whether material is mainly transported offshore to 
create a bar or transported onshore to create a berm. In the process of bar 
formation, the foreshore erodes and the shoreline typically retreats, whereas 
in berm formation the foreshore accretes and the shoreline advances. 

47. Criteria have been previously proposed to classify beach profile 
response as bar-type (erosional) or berm-type (accretionary). Here, a new 
classification scheme is presented which is based solely on data obtained 
from profile change generated in the LWT and in the more recent CRIEPI experi- 
ments performed in Japan (Kajima et al. 1983). The agreement in trends of the 


data obtained with the LWT and the CRIEPI experiments performed with modern 
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instrumentation lends credibility to the data set obtained with the LWI. In 
this report data obtained with the LWT will be identified by the notation 
"CE," signifying the US Army Corps of Engineers. 

48, Figure 6 displays the response of the beach profile type classified 
as bar or berm in the various cases as a function of the deepwater wave steep- 
ness H,/Ly and a dimensionless sand fall velocity parameter H,/wI in which 
= deepwater wave height, m 


= deepwater wavelength, m 


(ee) 
ez (e) ©) 


sand fall velocity, m/sec 

T = wave period, sec 
Beach profile types were visually classified as either bar or berm according 
to the dominant tendency appearing in the plots (Appendix B). For example, if 
a small breakpoint bar was present on a profile which showed a strong berm 


buildup (onshore sand transport) during most of the run, the profile type was 
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Figure 6. Criterion for distinguishing bar and berm profiles by use 
of the deepwater wave steepness and dimensionless fall velocity 
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designated as berm. The solid line in Figure 6, drawn so as to separate re- 
gions corresponding to bar and berm profiles, is described by the following 


equation: 


Set rsconro ©) (1) 
Ly ; WI 

Larson and Kraus (1988a) investigate several other previously proposed crite- 
ria for predicting profile response as a function of wave and sand character- 
istics. Kohler and Galvin’ had previously used the fall velocity parameter in 


an attempt to develop a bar/berm predictive criterion for the CE data set. 
Bar Evolution 


49. Various geometric properties pertaining to bar features were cal- 
culated. These properties showed similar development in time, namely an 
initially rapid response followed by a decrease in the rate of response with 
approach to an equilibrium value. In the data set, 13 cases exhibited some 
degree of bar formation, although only eight cases were classified as bar 
profiles. The remaining five cases were characterized by accretion on the 
foreshore, i.e., berm buildup. 

Bar volume 

50. Evolution of bar volume through time is illustrated in Figure 7 for 
the 13 cases judged to exhibit a main breakpoint bar. Bars that developed on 
profiles which predominantly accreted on the foreshore (onshore sand trans- 
port) had smaller volumes than bars formed on profiles where offshore trans- 
port predominantly occurred. Also, equilibrium bar volume on berm profiles 
was reached much faster than on bar profiles, in most cases by the first 
profile survey. Examples of such rapid bar buildup are Cases 101, 301, and 
801. Larson and Kraus (1988a) discuss the time evolution of bar volume and 
relate it to incident wave parameters and sand characteristics. 

51. Note in Figure 7 that bar volume evolution is similar for Case 901 
and the corresponding case with water level variation (Case 911). In some 
cases, if a second bar formed shoreward of the main breakpoint bar, the two 
bars tended to grow together, appearing to hinder development of the main 


breakpoint bar. Examples are Cases 300 and 700. 


en 


Bar Volume (m?/m) 


Elapsed Time (hr) 


Figure 7. Growth of bar volume through time 


Maximum bar height 

52. Maximum bar height Zp on a given profile was defined as the 
maximum difference in elevation within the domain of the bar between the 
profile and the initial profile (see Figure 5). The location of Zp along 
the profile did not necessarily coincide with the location of the bar crest, 
the point on the bar where water depth is a minimum; however, Zp was always 
close in value to the bar crest height. Figure 8 illustrates the growth of 
Zp with elapsed time for the 13 cases. The time evolution of maximum bar 
height was similar to evolution of bar volume. However, equilibrium was 
achieved more rapidly for maximum bar height since most of the curves in 
Figure 8 are relatively horizontal toward the end of the run. 

53. Comparison between Cases 901 and 911 shows the influence of water 
level variation on maximum bar height. In Case 911 (variable water level), 
the trend of the maximum bar height is to increase with time toward an equi- 
librium value but with a superimposed fluctuation that is approximately in 
phase with the water level variation. The corresponding Case 901, with a 
fixed water level, shows a regular development of maximum bar height toward an 


equilibrium value of approximately 1 m. 
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Bar Height (m) 


Elapsed Time (hr) 


Figure 8. Growth of maximum bar height Zp through time 


Depth at the bar crest 

54. Depth at the bar crest h, was almost constant throughout a run, 
as seen in Figure 9. In some cases, hy underwent an abrupt change (for 
example, Case 200), caused by a second bar located inshore that grew and 
merged with the main breakpoint bar. Thus, although main breakpoint bars 
moved considerably offshore, they simultaneously grew in size, with the result 
that the depth at the bar crest remained unchanged. Even the test with a 
varying water level (Case 911) showed an approximately constant depth over 
the bar crest during the course of the run, indicating that there was little 
time lag between the change in water level and response of the profile. In 
Figure 9, h, appears to vary for Case 911 because of the use of a fixed 
origin that was located at the initial still-water shoreline. 
Bar location and movement 

55. For cases that exhibited significant erosion, the main breakpoint 
bar usually translated offshore with time. As a convenient measure of the 
location of the main breakpoint bar, the position of the bar center of mass 
with respect to the initial still-water shoreline was calculated. Figure 10 


displays the horizontal location of the bar center of mass as a function of 
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Figure 9. Behavior of depth at bar crest h, through time 
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Figure 10. Location of bar center of mass (Xem)p through time 
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time. The greatest movement occurred for cases with the finer grain size 
(0.22 mm) and larger values of deepwater wave steepness (Cases 400 and 500). 
Breakpoint bars that developed on accretionary profiles were almost stationary 
(Cases 101 and 801). 

56. The speed of bar migration calculated from movement of the bar 
center of mass is plotted as a function of time in Figure 11 for those cases 
having significant offshore bar movement. In the beginning of a run the 
response of the profile was rapid, marked by high speeds of bar migration (on 
the order of 1-3 m/hr); however, bar migration speed decreased considerably 
after about 10 hr. In Case 911, the bar cyclically moved onshore and offshore 
with increase and decrease in water level. Case 100 showed onshore movement, 
probably because the profile eroded back to the end of the tank; exposure of 
the wall gave rise to reflection of the incident waves and scour, changing the 
wave conditions and shape of the bar. 

57. For calculation of the speed of bar migration, the main breakpoint 
bar was considered. If a second bar formed inshore and joined with the main 


breakpoint bar, only the estimated original seaward most part was used. 


Speed of Bar Center of Mass (m/hr) 


Elapsed Time (hr) 


A) 


Figure 11. Speed of bar center of mass (Xcm), through time 
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Berm Evolution 


Volume 

58. Six cases showed considerable berm buildup, fewer than the eight 
cases in which breakpoint bars formed (although Case 801 was classified as 
accretionary, little net change occurred; therefore this case was not included 
in Figure 12). The same types of calculations performed for breakpoint bars 
were conducted to determine berm properties. Figure 12 illustrates growth of 
berm volume with time for the six cases. Cases 200 and 600, exhibiting rela- 
tively small berm buildup, rapidly reached equilibrium berm volume. Berm 
volume was defined with respect to the initial profile in a manner analogous 


to breakpoint bar volume. 
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Figure 12. Growth of berm volume through time 

Height 


59. The time evolution of maximum berm height Z, above the initial 
profile is displayed in Figure 13. Case 701 initially showed a decrease in 
maximum berm height, with a minimum occurring at the elapsed time of 5 hr. 


In this case a large berm rapidly formed and exhibited steep shoreward and 
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Berm Height (m) 
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Figure 13. Behavior of maximum berm height 2, through time 


seaward slopes at the first profile survey. However, at succeeding profile 
surveys, the face slope on the berm became more gentle, and the foreshore 
accreted over a greater horizontal extent. Data recorded in the logbooks 
indicate that the breaking wave height varied appreciably during the earlier 
part of the run, with higher waves in the first few hours followed by smaller 
waves before the wave height became stable (cf. Appendix A, Case 701). The 
reason for this variation in wave height is not known. 
Location 

60. The horizontal location of the berm center of mass was relatively 
constant with time, with only some cases showing slight berm movement during 
the initial phase of the run (Figure 14). In Case 701, the change in shape 
of the berm due to changing wave conditions caused the berm center of mass 
to move rapidly during the first 5 hr. In Cases 101 and 301, there was a 


small seaward translation of the berm center of mass during the first 10 hr. 
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Figure 14. 
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Location of berm center of mass (Xcm), through time 


Net Cross-Shore Sand Transport Rate 


61. Integration of the equation of sand conservation along the profile 


between two surveys yields the net cross-shore transport rate that occurred 


between them: 


Saat fr eae ale 


in which 


h(x) - h,(x) 
2 u dx (2) 


cross-shore sand transport rate, m3/m/sec 


horizontal coordinate with origin at the 
initial still-water shoreline, m 


= location at which no profile change occurred, m 


depth along the profile at time t5, m 
depth along the profile at time ty, m 
time of later profile survey, sec 


time of earlier profile survey, sec 
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In arriving at Equation 2, it was assumed that sand porosity was constant 
across the profile. 

62. By using the initial and final profiles from each case, the total 
net cross-shore sand transport rate can be obtained, which in a gross sense 
illustrates how material was redistributed over the profile in the approach to 
an equilibrium shape. Larson and Kraus (1988b) classified such distributions 
of the net cross-shore transport rate derived from experiments performed with 
large wave tanks, and three principal shapes were identified. Most of the 
eases listed in Table 2 had unipeaked distributions and exhibited either 
offshore-directed or onshore-directed sand transport along the active profile. 
Only a few cases exhibited multiple peaks of opposite sign, and one peak was 
always dominant, except for Case 801 which had two peaks of about the same 
magnitude. In Case 801 the initial profile was almost stable under the in- 
cident waves, and little net transport took place. 

63. Figure 15 shows two typical distributions of the total net cross- 
shore transport rate calculated from initial and final profile surveys, one 
illustrating bar formation (Case 500) and the other berm buildup (Case 301). 
Offshore-directed sand transport is positive, since the origin of the coor- 
dinate system is located at the initial still-water shoreline and the hori- 


zontal axis points positive offshore. 
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Figure 15. Examples of total net cross-shore sand transport 
rate distributions, Cases 301 and 500 
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64. The time evolution of the net cross-shore sand transport rate was 
obtained by integrating the sand conservation equation between consecutive 
profile surveys. Figures 16 and 17 illustrate typical features of the time 
evolution of the transport rate distribution for an erosional profile 
(Case 400) and an accretionary profile (Case 201). These distributions, 
arising from shorter time intervals, exhibit more complex patterns than 
distributions calculated from initial and final profiles, for which the 
relative effect of transient transport processes is reduced. The positive- 
peaked (Figure 16) and negative-peaked (Figure 17) transport rates in the 
distributions for erosional and accretionary profiles, respectively, were 
located somewhat shoreward of the break point. In cases having bar develop- 
ment, the location of the peak offshore transport rate moved seaward together 
with the break point. In berm development cases, the location of the peak 
onshore transport rate was approximately stationary with time because the 
break point moved very little. 

65. The magnitude of the transport rate distributions decreased rapidly 
with time, as seen in Figures 16 and 17. The peak transport rate was an order 
of magnitude smaller for the latest distribution as compared to the earliest 
distribution. Properties of the net transport rate distributions are dis- 


cussed by Larson and Kraus (1988b). 
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Figure 16. Time evolution of net cross-shore sand transport rate 
distribution for Case 400, erosional case 
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Figure 17. Time evolution of net cross-shore sand transport rate 
distribution for Case 201, accretionary case 
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ENDNOTES 


1. G. W. Simmons, personal communication, December 1986. Much of the in- 
formation in this section was provided by Mr. Simmons, formerly Engineering 
Technician, Research Division, BEB and CERC, who directly performed many of 
the movable-bed model tests in the LWT. 


2. Saville (1957), who reported on four cases with the 0.22-mm sand, states 
that "... the wave heights varied appreciably (about +/- 20 %) with time and 
with distance along the tank due to reflections off the beach, and the change 
in this reflection pattern with changes in the beach profile. The heights . 
are considered representative averages." The first tests done by Saville 
included Cases 100 and 110, in which the profile eroded to reach the end wall 
of the tank, producing notable reflection. 


3. Saville has subsequently stated that most of the variation in wave height 
was probably produced by changes in the beach profile which changed reflection 
characteristics of the beach (Saville, personal communication, March 1987). 


4, G. W. Simmons, personal communication, December 1986. 


5. W. A. Birkemeier, "Data for Model Scale Effects Test," unpublished letter 
to Saville, US Army Corps of Engineers, Coastal Engineering Research Center, 
1980. 


6. Birkemeier, ibid. 


7. R. R. Kohler, and C. J. Galvin, "Documentation of the Dimensionless Fall- 
Time Parameter used for Berm/Bar Prediction in SPM Chapter 4," unpublished 
Memorandum, US Army Corps of Engineers, Coastal Engineering Research Center, 
1973. 


8. W. N. Seelig, "Transmittal of Laboratory Notebooks on Large Wave Tank 


Equilibrium Tests Conducted in 1956-1957 and 1962," unpublished Memorandum, US 
Army Corps of Engineers, Coastal Engineering Research Center, 1981. 
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APPENDIX A: SUPPLEMENTARY DATA 


1. This appendix contains supplementary data and background information 


associated with the movable-bed tests performed in the LWT. 


Breaking Wave Data 


2. Tables A1-A15 list breaking wave height and location transcribed 
from the logbooks, together with the time of measurement for all generic cases 
(except Cases 100 and 200), for which the logbooks were missing. Table 1 in 
Saville (1957) lists average wave conditions for four cases which can be 
identified as Cases 300, 100 (and 110), 200, and 400 reading from top to bot- 
tom on that table. The average breaking wave height for Case 100 was given as 
5-6 ft and that for Case 200 as 3-4 ft. Values for Case 100 in Table 1 of 
Saville (1957)* are denoted as the average of two tests, i.e., the average for 
Case 100 and Case 110. Comments in quotation marks were transcribed directly 


from the logbooks. 


Table Al 


Case 300: Breaking Wave Data 


Time Height Location 

Shr ymin) ee fate 
O 45 7.0 108 
3 10 (62) 126 
ii 200 6.3 136 
14 3920 6.0 134 
2 00) 7.0 138 
23eO5 635 134 
25 00 6.5 138 
Bi) PER) 6.7 -- 
34 +00 6.0 -- 
SOmn 05 5.8 -- 


# References cited in the appendix can be found in the reference list at the 
end of the main text. 


Al 


Table A2 


Case 400: Breaking Wave Data 


Time Height Location 
chr min ft ft 
O05 fod == 
O55 (od) aS 
1 30 7.0-8.0 -- 
1 55 7.0 -- 
3) 10 7.0-8.0 -- 
OM COM RO=6/.0. -- 
15 @5 tfoe) == 
20 10 LoD ca 
30 10 fod == 
sy8), 15) 05 -- 


Table A3 


Case 500: Breaking Wave Data 


Time Height Location 
chr min ft ft 

ORS -- 104-108 

1 10 6.0 98-116 

3 1 6.0 118-126 

Wh 25 6.0 128-134 

20S 6.0-6.5 140-148 

ei, 00 6.0 148-156 

32 =600 6.0 153-158 

46 00 6.5 160-168 

(48) * 

By) 0) 6.0-6.5 166-174 
(48) 

6200 6.0-6.5 174-182 
(48) 

(OF e30 6.0-6.5 186-194 
(48) 

80 30 6.0-6.5 186-194 

(3.0-3.5) (48) 

95 00 6.0-7.0 198-206 

(3.0-5.0) (56-66) 


* Information on second break 
point given in parentheses. 


Ae 


Table AY 


Case 510: Breaking Wave Data 


Time Height Location 
_hr min fat ft 
1 10 2-3 54 
3 15 2-3 56 
4H 55 2-3 60 
9 45 2.5-3.5 70-74 
20 10 229-3165 T2 
45 00 3.0-3.5 70-74 
95 00 4.0-4.5 -- 
105 00 5.0-5.5 78-82 
Table A5 


Case 600: Breaking Wave Data 


Time Height Location 
hr min ft ft 
lea© 3.5-4.5 48-54 
2 00 4.0 48-54 
14. 00 4.0 46 
16 00 3.5-4.0 48-54 
20 20 3.5-4.0 48-54 
SO) Ne) 3.0-3.5 48-54 
36 00 3.5-4.0 48-54 
Oman S 3.6 50-54 


A3 


Table A6 


Case 700: Breaking Wave Data 


Time Height Location 
Dive {abba ft ft 
1 10 7-8 106-112 
Sh WO 7-8 112-116 
69900), 75-85 136-156 
fe OD -- 162-164 
15. OO 8-9 142-154 
222 00 7-8 140-152 
35 00 5.5-6.5 140-150 
HORT 15  15.5-025 146-156 
45 00 5.5-6.5 140-150 
50 15 6-7 146-156 
56 00 -- 152-156 
61 00 5-6 150-156 
ska) Ib) 5-6 146-156 


* Between 5-10 hr, 0.9 ft of 
water removed from the tank. 

#* "During 20-30 hr, the wave 
height was greatly decreased 
(after reflection). This 
seemed to have a great effect 
on the profile (see 40-hr 
profile)." 


Table A7 


Case 101: Breaking Wave Data 


Time Height Location 
Ghee miniy gehts et 

1 @5 Bats) 82 

2S) 50 TT 

By se 1O 6.0 76.5 

500 6.0 81 

By) 160) 6.0 83 

6 00 625 83 

6 30 7.0 86 

7 00 7.0 86 

1s 6.5 86 

S00 6.5 86 

(Continued) 


AY 


Table A7 (Concluded) 


Time Height Location 
Binggmin) | at ft 
3} 8X0) 55 87 
9 00 55) 87 
Ss) B)a5) 87 
10 00 5.5 86 
10 30 5.5 86 
11 00 6.0 85 
lal 25 5.5 87 
12 15 6.0 88 
13) @) 5.8 88 
3ea50 Baill 87 
14 =+50 Bo if 91 
SOO 5.4 90.5 
1B) BS) 6.2 93.5 
16 4O 6.0 93 
Ui 10 5.655) 93 
18 20 5)5'5) 92 
18 45 oD 92.5 
19 10 B65) 92.5 
20 10 6.0 95 
20R 35 6.0 95 
21 05 6.0 95 
21 30 6.0 gy 
22) 00 6.0 94 
C2 so) 6.0 94 
23 ~=©00 B53) gy 
2360 30 5x5 gu 
24 = =00 6.0 92 
25 15 6.2 91 
Ae SH 6.4 93 
27 10 6.3 92 
29 «=620 6.1 94 


Table A8 


Case 201: Breaking Wave Data 


Time Height Location 
hr min ft ft 
0 15 5.0 2 
OMS) 4.5 68 
1 00 4.5 69 
1 40 6.5 68 
2 (010) 6.5 68 
30 00 7.0 70 
(Continued) 


A5 


Table A8 (Concluded) 


Time Height Location 
_hr min ft ft 
4 10 6.0 74 
600 7.0 65 
8 10 5.4 64 
9) 20 6.2 71 
9 45 6.4 69 
10 10 6.6 T2 
OR eS O foW 71 
il 10 7.0 T2 
11 te) T.2 70 
12 20 7.0 69 
12° 28} 6.6 69 
13 10 6.2 69 
1s) 2) 52 68 
14, =4O 6.5 70 
15 15 6.0 ital 
16 10 6.3 2 
Ui eS 6.2 70 
TOxaenOO 6.5 70 
18 45 6.1 66 
19 10 6.5 69 
19 4O O61 70 
T19R MESS 6.6 70 
2005 6.5 T4 
2D) | 30 6.6 73 
21 35 6.8 74 
22 330) 6.6 T2 
2330 6.5 2 
24 10 6.3 ital 
24 40 625 (lal 
25 20 6.2 71 
Bs) Bo) 6.0 70 
26 =640 6.2 70 
ap Aho 6.5 fl 
20n20 55) T2 
297 OD 6.5 70 
295 O. 6.2 70 
31 21 6.2 70 
S2a Ol 6.0 70 
34 00 6.0 69 
36 = 00 6.0 72 
38 00 6.6 15 
39) S35 6.0 74 
SO) 1D) 6.3 T4 


A6 


Table AQ 


Case 301: Breaking Wave Data 


Time Height Location 
-hr min ft BE 

0 05 7.0 99 
0 20 7.0 99 

2 10 6.5 97 

3 20 7.0 93 

4 =20 7.0 95 
6530 7.0 95 

y ele) 7.0 95 
aer30 7.0 96 
80700 7.0 96 

Sis 0, 6.8 96 
11 05 6.5 gy 
Ud SB 6.8 93 
HOS OES) 7.0 97 
US) eho) 7.0 99 
A Oo) (655) 98 
22 =@00 thal 98.5 
23000 8.0 98 
24 00 8.0 99.5 
25 OO 8.2 100.5 
26 00 8.2 102.5 
27 ~=—00 8k3 104 
28 00 8.5 106 
29 00 8.5 106 
30 8600 8.5 108.5 
32 ~=6—00 8.8 112 
3350500 8.6 Wiles 
34. 00 8.3 107.5 
35a 00 8.2 110 
36 =600 8.8 112 
37, 00 8.8 112 


AT 


Table A10 


Case 401: Breaking Wave Data 


Time 
hr min 
Oy 05 
Open25 
0 50 
1 10 
1 30 
2 00 
2 330 
3.135 
4 o4 
16> 45 
its) 835 
20meso 
28} > (05) 
25 20 
30 10 
31 10 
32 10 
33 10 
34 10 
35 10 
36m) 10 
37 10 
38 10 
39 10 
4Oo 10 
44 10 
4a 10 
43 10 
yy 10 
45 10 
46 10 
47 10 
48 10 
49 10 
50 10 
51 10 
52 10 
53 10 


Heigh 


t 


ft 


fon) 


NADADAAD NANNY 
° Oo 0 0 


O11 O O OV 


ANx4A on oo a4 On oO a4 ooo Awowoo-~ 


on oo aOoaoonn-~7 


(Continued) 


A8 


NOOOO 


aoowno 


DAwo —&-owoOo 


of EPwnowod WIANoOWd 


Noon 


1 


(oc) 


Location 
fats 


92 
gh 
96 
92 
92 


102 
106 
110 
112 


133. 


1336 
i328 


132 
32 


lig2e 


B28 
132. 
gee 
gale 
133. 


132 
133 


132k 
lis2e 
Ie2% 


133 


132. 
1g28 
132. 


133 


135. 
135. 
134. 


134 


135% 
134. 


136 


136. 


ho U1 


Table A10 (Concluded) 


Time Height Location 

chr min ft ft 
SUR O5 S60 136.6 
5505 8.4 1359 
Sian OS 7.8 13575 
597105 (ioc) 137 
60 05 fod 13555 
61 15 8.2 13716 
62m 05 8.4 135.6 
} a) 8.4 136 
64 45 8.0 136.5 
65 45 fod 137 

Table A111 


Case 501: Breaking Wave Data 


Time Height Location 
Shree min ft At 
@ 20 6.0 138 
1 10 6.0 138 
1 49 6.2 138 
3° OS B35) 118 
5 00 6.1 126 
16 OS) 6.0 132 
i ~ 50 6.2 136 
yO) 6.2 136 
9 10 6.2 138 
9 45 6.2 136 
10 10 6.0 136 
11 25 6.2 138 
2meenO5 5m3 125 
14 05 oe 126 
Ui SS) BGS) 134 
US, 5) 5y5 5) 134 
UE) 5) 55 136 
J) Bw 5e3 134 
2ONEO5 B36) 136 
2) &0) 5.3 134 
OSteeD G5) 136 
2UIO5 4.5 128 
25 Sil 4.2 128 
26rO2 4.5 132 
26 = AY 4.3 USi/ 
Ce 2 Byes) 136 


(Continued) 


AQ 


at 


“hr 


29 
30 
}1 
38) 
35 
36 
37 
38 
44 
43 
45 
46 
47 
49 
51 
51 
53 
54 
56 
56 
59 


Table A11 (Concluded) 


ime 
min 


00 
05 
05 
4O 
05 
00 
08 
12 
05 
25 
45 
40 
45 
20 
05 
55 
05 
10 
00 
55 
15 


Height 
ft 


OO} Orme Omer mel mormon meme; mer mer mel men mel mer mel mel menmey| 
NVNFWEOHEFNMNMNMNOONFWNHWWLNMNDY 


Table Al2 


Location 


ft 


144 
144 
146 
148 
143.5 
148 
144 
149 
154 
158 
158 
158 
158 
158 
151 
150 
151 
150 
JI 
150 
154 


Case 501: Data for Secondary 


ak 


_hr 


% 


37 
38 
44 
Me) 
43 
yyy 
45 
46 
47 
4g 
51 


Wave Breaking 


ime 
min 


08 
12 
05 
sia 
25 
15 
45 
40 
45 
20 
05 


Height 
ft 


(jo) 


MWNMUONMNMNMNNND — 
WO OWWWN SFU M OO 


(Continued) 


Location 
fit 


"This breaker diminishing 
in form; not as distinct as 
previously." 
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Table A1l2 (Concluded) 


Time Height Location 
_hr min ft fbi 

51 55 2.6 20 

Bs} 05) 2.5 19 

54 10 Zo) 17 

56 00 246 18 

56 55 2.6 19 

59 15 2.5 20 

Table A13 


Case 701: Breaking Wave Data 


Time Height Location 
“hr min ft Be 
Oo 40 10 106 
1 35 9.6 102 
2 ~ 50 4.0 98 
yo 5 4.5 88 
5 15 4.5 88 
6 45 5.0 88 
7 10 5.5 88 
fs} Bio) 6.0 97 
S50 6.0 97 
8x0) 6.0 98 
ev) So) 6.0 98 
ho Bas fo8 98 
S55 * {oD 100 
Oo 0* (loll 94 
WO) xe) 6.8 104 
11) a50 6.5 98 
127 an3o 6.6 93 
13. 00 6.0 100 
8}. S) By o's) 104 
17 10 6.0 100 
17 40o 6.0 100 
18 05 5.5 98 
1Cnees5 5.5 101 
19 00 5.5 101 
20 00 5.5 101 
21 00 a5) 100 
22 #200 6.0 102 
23 = (00 6.0 104 
(Continued) 


* In order of appearance in 
the logbook. 


All 


Table A13 (Concluded) 


Time 
_hr min 
2 nO 
25 00 
PM. 8B) 
207130 
30 00 
32 Bi0 
35 825 
360830 
Sis Oo 
Sono 
39 00 
SiS) Bh) 


Height 
ft 


AANA AANODAA~ © 
oo0o0o0oO0O0CO00COWNo 


Table A14 


Location 
ft 


98 

99 
105 
110 
101 
104 
109 
109 
108 
107 
108 
108 


Case 801: Breaking Wave Data 


Time 
hr min 
(0) 10 
(0) Oo 
1 10 
1 55 
2 oO 
5 00 
5 35 
8 00 
8 30 
9 00 
S80) 
10 00 
10 30 
11 00 
11 30 
12 00 
12 30 
13 00 
15 00 
Ie 283 
Wis 05 
19 05 
20 00 
21 00 
22 00 


Height 
ft 


UNMNMMNMNMNMWWWWWMDMYDNMDM NW — —~WWWWW 
WODOMWWODTDWOUNUNUNUNWMWO@MOM LNCS 


(Continued) 


Al2 


Location 
ft 


48 
48 
46 
45 
45 
39 
38 
yy 
yy 
yy 
46 
45 
45 
43 
43 
43 
43 
43 
38 
ho 
39 
38 
38 
ho 
40 


Table A14 (Concluded) 


Time Height Location 
hr min LAG ft 
23 ~=©00 Bos) KO 
24 00 055) te) 
25 00 (05) KO 
26 @00 50) 38 
27 ~=—00 55) 38 
28 00 255 38 
29 09 oe 38 
20min Dif, Zo) Xe) 
S2meeO Ao 39 
33hue 40 2.0 39 
Sinn 30 2.5 43 
38 §©600 215) 43 
39 00 B55) 43 
40 ~=©00 2.5 43 
44 00 2.5 43 
42 00 2.5 42 
43, 00 2.5 42 
45 00 2.1 38 
46 00 2.0 Sih 
48 00 2.0 38 

Table A15 


Case 901: Breaking Wave Data 


Time Height Location 
ae an ft 
O 35 6.5 94 
1 05 -0 102 
1 30 (o@ 102 
2 00% Lo® 102 
2 00%* oO 102 
PN 6x0) fo) 106 
Sy Oley 7.0 106 
Sue OOk* oS 110 
Sie 30 fod 109 
4 122 God 109 
4 2%% foe 110 
4 = 30 Loe 109 
(Continued) 


* "Stop" (wave generator). 
** "Start" (wave generator). 
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Table A15 (Concluded) 


Time Height Location 
hr min ft ft 
5 es oR 109 
Bae 7.0 114 
5 30 7.0 114 
By ion Bie o® 114 
Smo 6.8 118 
6 12 6.8 120 
Tf 10 B08) 120 
sh 10) 6.3 127 
1@- 563} 129 
il een) 6.0 128 
iS tgeo 6.2 119 
14 2g 625 116 
i 25 6.5 114 
10. 52 6.8 114 
Ue, Sit 6.6 120 
its) WS) 6.6 120 
19 00 6.5 124 
22 ~@00 6.0 135 
2305 6.4 132 
2URE 56 6.0 132 
25) 05 6.0 is2 
259 50 5.8 121 
26 50 5.8 122 
2800. 6.4 122 
29 ~@200 6.2 120 
29 15 5.8 120 
3005 5.4 120 
31 46 6.1 126 
320) 105 6.3 131 
33 05 B08) 135 
3434 5.0 139 
sbye ND) 5 132 
a Wy 5.8 129 
Sil 15 Bs) 128 
31 98) (9 129 
Bf} 1S 5.6 126 
B19) ND) 6.0 122 
Ne), is) 6.0 122 
Nes 6.0 120 
41 AT O62 120 
yo 34 5.6 122 
Mey As) 5.0 121 


i 


* "Stop" (wave generator). 
** "Start" (wave generator). 
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Runup Data 


3. Runup measurements were available for all cases except Cases 100, 
200, 300, and 400. The data are given in Table A16 in the original units of 
feet. Runup was measured for the first several waves generated at the start 
of the case and is defined as the maximum horizontal distance traveled from 


the initial still-water shoreline. 


Table A16 


Runup of Initial Waves* 


Wave Case No. 
No. 500 600 00 101 201 301 401 01 01 801 901 


1 32 27 67 70 14 63 58 18 89 21 64 
2 ZO BY BS) 1 1 BB MG YE MG ah 
3 30) 8. GP UN ee NB 20) 18 ORI 
4 14 36 70 45 36 37 27 14 i V7 28 
5 One Soe HOM ehh 2 ore 5a 2on ce enn 5O) ers 225, 
6 1 sth Bp MG wash py 24 Opec Oe 
i WB Be Ge NS ee TS BGs IG) AGS) | BO BY 
8 ie Sih nw Be} HI 2) ars 2X0) i 2X0) a ef eo) al 
9 


es -- 43 2y Nye} iti / Ise 68 19 28 
10 14 37 —— one -- 30 11 69 ek 32 
11 12 36 -- -- 26 -- 16 13 (2 2 40 
12 aa) Sh / -- -- -- -- a2 11 69 16 4o 
13 -- -- --  -- -- -—- 28 14 TOm) 26) 2226 
14 -- -- -- -- -- ==) 126 coe 15 -- 
15 -- -- -- -- -- -- 27 15 -- 14 -- 
16 -- -- -- -- -- -- 34 130 «O-- 15 -- 
17 --  -- -- -- -- -- 47 13 -- 20 -- 
18 | ee 2 (= 
19 a 
20 a5 Se 6a 6s) ce 66" 66) 2B SS 
21 -- -- -- -- -- -- -- 9 -- ?1 -- 
* In feet. 


Water Temperature and Fall Velocity 


4. This section contains data on water temperature and sand fall 


velocity. Much of this information was compiled from an unpublished let!.er of 


% 
seelig® Seelig cross-referenced a number of sources and computed midmonth 


* Endnotes section appears at the end of the main text. 
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averages for each of 4 years of temperature measurements made in the LWT from 
1969 to 1973. The wave generator was run to mix the water prior to measure- 
ment. A clear seasonal cycle was apparent, and the four averages for each 
month showed relatively small differences. Therefore, a grand average for 
each month is expected to provide a reasonable estimate of water temperature 
in the LWT during the movable-bed tests. Fall velocities for the 0.22-mm and 
0.40-mm sands were measured by Seelig using the CERC Rapid Sediment Analyzer 
and water at 20° C. Fall velocities were then estimated at the other temper- 
atures. This material was reviewed in the course of preparing this report and 


compiled in Table A17 for direct reference to the various cases. 


Table A17 


Representative Average Monthly Water Temperatures 


and Sand Fall Velocities 


Case Approx. Date Temperature Fall Velocity 
No. month-year deg C em/sec 
100 3-56 6 Sia! 
110 7-56 26 Sos 
200 5-56 18 3.6 
300 11-56 12 S08) 
400 12-56 U Sol 
500 3-57 6 Boel 
510 5-57 18 3.6 
600 6-56 22 Sho ff 
610 6-56 22 Seal 
700 6-56 22 3.7 
101 7-62 26 5.9 
201 7-62 26 5.9 
301 6-62 22 Doll 
401 5-62 18 55 
501 7-62 26 5.9 
701 7-62 26 oe) 
801 7-62 26 5.9 
901 8-62 26 5.9 
911 8-62 26 5.9 


5. Water temperature in the LWT was recorded in the logbooks for 
Case 300. Elapsed time of wave action and water temperature are given in 
Table A18. Table A18 shows measured temperatures of about 5° C, whereas the 
estimate for this case in Table A17 gives 12° C. This difference has a small 


effect on fall velocity for the 0.22-mm sand. 
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Table A18 


Water Temperatures Recorded During Case 300 


Time Temperature 
hr deg C 


30 
32 
34 
36 
38 
40 
4O 
42 
4y 
46 
48 
50 


oO} Omen melee a0} Or ermolmolmes) 
Foooofoacacoaoow 


Water Level Variation for Case 911 


6. Table A19 lists elapsed times and water elevation change for the 


simulated tidal cycle run during Case 911. 
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Table A19 


Elapsed Time and Water Elevation Change of Case 911 


Time Elevation Time Elevation 
hr min fats hr min ft 
00 0.00 21 42 -1.20 
0 35 0.34 22 48 -1.20 
1 00 1.00 23 48 -1.00 
1 30 1.00 24 33 -0.40 
2 00 VoSst/ 24 48 -0.40 
2 30 1.37 25 03 0.00 
3 06 esi 25 48 0.40 
3 30 1.37 26 26 1.00 
4 12 1.37 26 48 1.00 
4 30 1.00 27 21 1.45 
5 12 1.00 27 54 1.45 
6 12 0.00 29 00 1.45 
6 27 0.00 29 30 1.00 
WZ -0.37 30 00 1.00 
8 12 -1.00 30 45 0.40 
9 18 -1.20 31 00 0.00 
10 00 -1.20 32 00 -0.40 
10 24 -1.20 33 00 -1.00 
11 24 -1.00 34 06 -1.20 
12 09 -0.45 35 12 -1.20 
12 24 0.00 36 12 -1.00 
13 24 0.45 36 57 -0.40 
13 54 1.00 37 12 0.00 
14 24 1.00 BM 2 I1/ 0.00 
15 03 145 38 12 0.40 
15 30 1.45 38 Ya 1.00 
16 36 1.45 39 12 1.00 
17 O4 1.00 39 42 Vahey 
17 36 1.00 HO 18 1.45 
18 21 0.00 41 24 1.45 
18 51 0.00 42 2y 1.00 
19 36 -0.40 43 10 1.00 
20 36 -1.00 43 30 0.00 
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APPENDIX B: PLOTS OF BEACH PROFILES 


1. This appendix contains plots of the profile survey data contained in 
Appendix C. The plots in Figure B1 are presented in order of case number and 
survey time as listed in Table 1 of the main text. Each profile is plotted 
together with the initial profile for the case. Case number is indicated in 
the bottom left corner of each sheet, and survey time is given on the left 
edge. The location of the initial still-water shoreline is indicated by two 


lines joining at right angles. 


2. Distance-elevation survey pairs listed in Appendix C are given in 
units of feet, whereas the plots are in metric units. The scale is shown on 
the bottom left side of each sheet. 
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APPENDIX C: BEACH PROFILE DATA 


1. This appendix gives a listing of profile survey data from the LWT 
experiments conducted during 1956-1957 and 1962. If the profile was surveyed 
along three lines, in the listing the result was represented by values from 
the middle survey for the 0.22-mm sand experiments and by an average value for 
the 0.44-mm sand experiments. Plots of these data are given in Appendix B. 


Distance-elevation pairs are given in feet. 


2. The format of the data is described in Table C1. 


Table Cl 


Format of Profile Survey Data 


Position Description of Entry Format 


First Card in Each Record 


1-5 Case number A5 
6-9 Profile survey ordinal number 14 
10 Card number Al 
11-16 Approximate date of run (year, month, day) 16 
17-21 Time of survey in decimal form (e.g., 2550=25.5 hr) Edie 
22-24 Number of coordinate pairs in the survey 13 
25-29 Minimum elevation in the survey (e.g., 150=15 ft) F5.1 
30-40 Blank A11 
41-80 First four distance-elevation pairs 4(F5.0,F5.1) 


(e.g., [-72,49]=[-72.0 ft, 4.9 ft] 
Continuation Cards 


1-10 Same as first card 
11-80 Seven distance-elevation pairs OSD c On eyo 1) 


3. The profile survey data are shown in Tables C2 and C3. 


C1 


Table C2 


Profile Survey Data: 0.22-mm Sand 


CASE 100 


CE100 11560315 0 77 -150 -72 49 -68 4G” =649 9745) 9-60) 9943 
CE100 1256 40 -52 38 -48 34 -44 31 -40 30 -36 7A) = 372 25 
CE1O00 gy ZZ} 21 -24 LO = 20 16 -16 103}, Sal 10 -8 8 -4 4 
CE1OO 14 0 0 4 -4 8 -8 1 =sAL(0) 16 +15 20 -16 24-17 
CE100 15 7s} PAL S72 328} 36) 25) 402.8 44 -30 48 -33 Dy 235) 
CE1O00 16 56 7-37 60 -40 64 -42 68 -44 YQ, =] 76 -49 80 -52 
CE1LOO I7/ 84 -56 88 -59 92, 163) Io" 66" 100) =O M04 ye 7/2 OSee 5 
CE1LOO ey LN eh LNG 0), NAO) ot A eH I} oO), IBS} 1G = DS 
CE1LOO LO AZO 98 AA N02) aS OSS 2 OI S626 OE See oA lslS 
CE100 IN Aux) oat L7/2 als) IL 7M) SILAS) eK) Subse aly calsys) IL} SILS}5) 9) = 113)7/ 
CE100 IB 196 -139 200 =141 2045-143) 208) =145"" 212-146 (206) -147 (220) -148 
CE1O0O WG BA ae) DPX}. SAVAS)) SVD = LS) 


CE100 2560315) SOON 7,9) — 15,0 -72 49 -68 46) 5-64) 745) F600 mas 
CE100 22) Oe OR 5204 Ol 4'S 38 -44 36 -40 30 -36 Dp, 33322 19 
CE100 23) 28 9 -24 8 -20 SG 1 oil -1 -8 -3 -4 -5 
CE1LOO 24 0 -9 4 -11 8 -13 2) 16 -16 20 -18 24 -20 
CE1O00 25 28 -21 B20 23) 36 =23 40) -24 44 9225 48 -26 D2 =28 
CE100 26 56 -29 60 -32 64 -46 68 -54 727 63! UO e383 80 -48 
CE100 Di 84 -39 88 -37 92-39 96-437 1100) [4804953 08s 59 
CE100 Px ALE ja) US HO WO) Sf WB eS, ILS) ja), SW SIL LSS. SS} 
CE100 29) AAO) 97 ae Ol VAS OS) 52107, aS Ge 152 6 OM 1s13 GAs 
CE100 ZAIN) Assy AI NE g/ 2S) EZ Ley aLksK0) alae) palsyéer cabsyik Valse} —ibsyés | ALS)72. = 113)7/ 
CE100 2B 196 -141 200 -141 204 -143 208 -144 212 -145 216 -146 220 -146 
CE100 2¢ 224 -W46 228 -147 232 -148 236 -148 240) -1/50 


CE100 31560315) 500) 7/8 h-1'50 -7/2 49 -68 46 -64 46 -60 45 
CE100 32 -56 892 SAS 21 -44 16 -40 12 -36 (Gy 35)72 >) 
CE100 S828 OQ -24 =-2 =20 =O 6 a8) oil olll -8 -13 -4 -14 
CE100 34 QO -16 4 -l7 Gy) ALY) WA toile) Is, Zab 2023 24° -25 
CE100 35 28 -28 52s 36) 33) 740) 36 4458-37) Peo oa 36 525 33) 
CE100 36 56 -32 60 -35 64 -42 68 -47 72-48 76 -46 80 -47 
CE100 37 84 -54 88 -60 92 -62 96 -59 100 -48 104 -42 108 -43 
CE100 Siey) EIA Sty ING ee) 0) Sy TA 88) 1} oy NS} oO) U3 OE 
CE100 39° 1140) S269 R44 75.9148) 855 152-98) 156) 104 siG 0) MEI GA ISG 
CE100 BA> 168-120) 172) 123) 176) 126) SOP 1130) 8457-133) 188 8 Geo 27 
CE100 3B 196 -139 200 -141 204 -143 208 -145 212 -144 216 -146 220 -146 
CE100 NG Ae oN), AS) SA} 232 olla) Deve oilay0) 


(Continued ) 
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CE100 — 


CE100 
CE100 
CE100 
CE100 
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CE100 
CE1O00 
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CE1OO 
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CE100 
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CE1OO 
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CE100 
CE100 
CE100 
CE100 
CE100 
CE100 
CE100 
CE100 
CE1LOO 


41560315 1200 


42 


72 


-56 NS) 
-28 -9 
@) ake) 
28 -30 
OS) > 5)7/ 
84 -52 
112 -44 
140 -54 
168 -113 
196 -138 
224 -149 
51560315 1900 
-56 -1 
-28 -11 
OM A9 
28 -24 
56 -41 
84 -50 
112 -46 
140 -58 
168 -96 
IGG sis 
224 -149 
61560315 2550 
-56 -2 
-28 -11 
O20 
28 -26 
56s -3.8 
84 -33 
IA oh 
140 -54 
168 -91 
196 -138 
224 -149 
71560315 3000 
-56 -4 
-28 -20 
0 -20 
28 -26 
39). 35)7/ 
84 -33 
12-60 
140 -55 
1168) * 9.0 
196 -141 
224 -150 


Table C2 (Continued) 


76 -150 
559) | 1 
SAlh Sia 
YEO 
39) bool 
60 -38 
88 59 
116 -40 
WA S57) 
1, TAG) 
200 -140 
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50. 2G 
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i SOL 
32N Oy) 
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Be, shy 
1aleyy 239 
144 -62 
WD sis) 
200 -142 
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7 50 
SBD var 
13) 
Ae=2il 
320-26 
60 -38 
Senn 329 
116 -68 
144 -58 
17 20E108 
200 -144 
228 -149 
75-150 
259, 56 
Bh Sls 
ee? 
39h 005 
60 -37 
Seem 30 
116 -46 
144 -60 
172 -104 
200 -145 


=42 

-48 6 -44 
-20 -l1ll -16 
S22 12 
SQ, asi72) AC) 
64 -40 68 
S263 96 


= 12 

-48 -6 -44 
-20' -14 -16 
) 3723} 12 
36%) = 2875 40 
64 -34 68 
92 -43 96 


-72 

-48 -6 -44 
-20 -14 -16 
Si 23, WZ 
36 25) 740 
64 -37 68 
92 -31 96 


232-1150 
2 
-48 -9 -44 
SAD), als) Alls 
8 -24 12 
36 -24 40 
64 -35 68 
920-33 96 
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-64 72)5) 
-36 -5 
-8 -15 
7X0) aAG 
(bys) 3\7/ 
6-139 
104 -54 
1S =150) 
160 -95 
188 -135 
216 -147 
-64 LD 
-36 -9 
-8 -16 
7X0) S23) 
48 -42 
76 -36 
104 -56 
1032 = 15a 
160 -80 
188 -136 
216 -149 
-64 5 
Soe), cll) 
-8 -19 
20 -25 
435-33 
76 -43 
104 -63 
US es7/ 
WSO. a7/7/ 
188 -129 
216 -149 
-64 2 
-36 -12 
-8 -16 
20 -32 
48 -28 
76 -43 
104 -61 
BV LAS 
160 -/78 
188 -128 
216 -149 
(Sheet 2 


-60 9 
-32 -7 
-4 -17 
24° *-28 
3 =5)7/ 
80 -42 
108 -52 
13 659-2 
164 -105 
Wey a ils}7/ 
220 -149 
-60 6 
Saya Il) 
-4 -18 
ak 223) 
52 -43 
80 -44 
108 -57 
U3. 2S)3) 
164 -87 
192 -138 
220 -149 
-60 0 
-32 -15 
-4 -20 
24 -25 
2-36 
80Me 37, 
108 -70 
136 -50 
164 -81 
M2 510333) 
220 -149 
-60 -2 
S22. 
-4 -17 
ZL 29 
D2 32 
80 -37 
LOS! 65) 
ILSK@) 9) 25)5) 
164 -82 
UD ol 3}7/ 
220 -149 
Oi 31) 


Table C2 (Continued) 


CASE 110 


CE110 11560615 0 75 -150 -72 47 -68 AST, 645 (42) 60 39 
SE110 1205-56 S)7/ sy 34 -48 31 -44 29 -40 26-36 723) ay72 21 

£110 1328 18 -24 1S) 740) 113} Allis) 1K) Sil 8 -8 5) -4 2 
CE110 14 0 0 4 -2 8 -5 12 -7 16 -10 7X0) =k} PAE = AUS 
CE110 15 28 -18 B72 O22 36-235 4026 AS) its) =a)al 2-84 
CE110 16 56 -37 60 -39 64 -42 68 -45 T2047), 76 ~-50 80 -53 
CE110 17 84 -55 88 -58 92 -61 965 /-63, 100-66)" 11045) -=697) 108s 7! 
CE110 ey WW VA) NGS 7/7 QO) a7) WA a IE) IS) USA a SK OW 
CE110 19) 5 140; 93s) W445) 95.) 148-98 1526-101) 15 6N SOS GOR OG ye 64509 
CE110 WN ale) ill, Ve Sra aS Silly ale) aalle) YA Asi) LS) I L227) 
CE110 1B 196 -130 200 -133 204 -135 208 -138 212 -141 216 -143 220 -146 
CE110 1¢ 224 -150 


CE110 21560615 100 75 -150 -72 45 -68 4-645 5 41 600 40 
CE110 22 -56 39-52 34 -48 32 -44 28 -40 24 -36 a 5372 20 
CE110 2328 15 -24 13-20 11 -16 TZ vole 4 -8 3 -4 0 
CE110 24 0 -4 4 -6 8 -8 12 -9 1s) aly 20 -16 24 -18 
CE110 25 7X3} | eal 32 228) Bi) 747/ 40 -29 44) -32 43 3)5 2S 
CE110 26 By) SSI) 60 -40 64 -45 68 -47 72 ~=-48 76say-pile 80 -53 
CE110 27 84 -57 88 -60 92 -62 96 -64 100 -67 104 -70 108 -74 
CE110 Me MN S77) YS SSO) TPO) SYA A FORK Th Ey I SC) IBS DY) 
CE110 29 140 -101 144 -104 148 -107 152 -109 156 -111 160 -117 164 -118 
CE110 DYN AUS) SOS) AL eT) ay SISA AUK0) Susy ey beyAy mabey}. IUSHS}  Ibs}e) WZ IW) 
CE110 2B 196 -141 200 -143 204 -145 208 -146 212 -146 216 -147 220 -148 
CE110 2C 224 -149 


CE110 31560615 300 75 -150 -72 46 -68 42 -64 40 -60 40 
CE110 32 -56 38 -52 35 -48 32 -44 32 -40 23e 36 2 SZ 20 
CE110 339 28 16 -24 7 -20 3 -16 Oe S12 =) -8 -5 -4 -8 
CE110 34 0 -10 4 -12 8 -14 2 cals) 16 -16 20 -18 24 -19 
CE110 35 28 -19 32 oft 36 6-23 40 -26 Uh Bi 48 -29 D7 oSll 
CE110 36 56 -39 60 -50 64) 1-55 68 -57 72° -44 76 -36 80 -36 
CE110 37 84 -40 88 -44 92 -47 96) = SIN 100) S65 1045S 625s 108i: 
CE110 oy) UID ays), TSS a0) MW otsis} | LWA saeyshs sibs C21 IEsy2 Ss) ILS) oS) 
CE110 Bie)! FWA) Sil(oyoy © WANA, alas} WAL} alfo)s} alsy2 aloe) aly) SILL iLex@) SIA. aes Slats) 
CE110 BAL 68) —120) die 125 6 e6n -13 306 PBOP 133) M84 is'3 Gaels Cis C ee OD ae 0 
CE110 3B 196 -142 200 -140 204 -143 208 -144 212 -145 216 -146 220 -147 
CE110 3G 224 -148 


CE110 41560615 500 74 -150 -72 45 -68 45 -64 43 -60 39 
CE110 42 -56 333) oS 30. «6-48 25 -44 19 -40 13 -36 10 -32 © 
CE110 43 -28 3 -24 QO -20 -3 -16 -6 -12 -8 -8 -10 -4 -12 
CE110 44 0) 513} 4 -15 8 -17 12 S19 6Wae= 22: 20 -24 24 -26 
CE110 45 28 -28 32 -30 315 oS} 40 -33 44 -30 48 -32 BW Sin 
CE110 46 56m eS) 60 -41 64 -48 68 -51 12g = S12: 76 -48 80 -44 
CE110 47 84 -39 88 -40 92 -46 9675-48) 100) =4355 1045) -43)) 108i =46 
CE110 PO AN SAG) LAG SR NAO! SS AA Sh IA SHG ASI GIS. US» oO) 
CE110 49 140 -98 144 -101 148 -105 152 -108 156 -111 160 -116 164 -130 
CE110 AN NG) Also) Val SVAN A/G Sails | alfsYoyn Salsle leva: Saksisy )  ibisxss, ulssil a2 IVA) 
CE110 4B 196 -140 200 -143 204 -140 208 -143 212 -145 216 -146 220 -147 
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140 -69 
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-56 8 
-28 -9 
0 -1/7 
28 -30 
56 -34 
84 -31 
112 -44 
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168 -120 
1967-1139 
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i) Os} 
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CASE 200 


CE200 11560518 0 70 -150 -68 47 -64 44° -60)> 42° -56 39 
CE200 1 OB 36 -48 33 -44 30 -40 28 -36 725) 23}2) Wn, 27} 19 
CE200 13-24 16 -20 14 -16 ial ol 8 -8 5 -4 72 0 0 
CE200 14 4 -2 8 -5 12 -8 I Sabak 20 -14 24 -16 7x3) = 118) 
CE200 iE) S22. 36 -25 40 -28 (iii “osX0) AS} 38} 525-36 as) esi) 
CE200 16 60 -42 64 -44 68 -47 72 ~~ =-50 UO 255 80 -56 84 -58 
CE200 17 88 -61 92 -64 Do oO WOK): S70 KOS ofS 13s oD II of 
CE200 Is) I) GL ALO) GY SL i377 IAS IE) N22 IG 5} A) «=O 
CE200 TOF WAL VOM a8 OS S206 el 6n 09S V6 OF al 2G 4g IES Reel Gee sleli7) 
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CE200 21560518 200 70 -150 6947 06-6400 8430 5 60054 OMe 6 38 
CE200 (ada, 2S 37 =-48 34 -44 31 -40 28 -36 DS, Si) 24 -28 24 
CE200 23 -24 26 -20 24 -16 Ish iY 14 -8 8 -4 6 0 0 
CE200 24 4 -3 8 -5 12 -8 1} edbal 20) = 112 24 -14 2X3) 17) 
CE200 25 32 -20 3G) eZib AO) sQ2\) (ih Ds} a} SAO) 52 -44 9, oS}7/ 
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CE200 Zs LIS 7 PAO) 7s) E29 XS} | ote) USS oO) LBS GB} WAG). OG 
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CE401 11620522 0 81 -145 -104 52 -100 53) =96 52 -92 52 
CE401 12 -88 52 -84 50 -80 BO) SKS) nl AGS 6 7/72) AT) ols 45 -64 43 
CE401 13 =-60 39-56 Sy 32 34 -48 32 -44 29 -40 26 -36 22 
CE401 14 -32 20 -28 17-24 2.0 12 -16 10)" oil 7 -8 5 
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CE401 24 -32 18 -28 Sia 2ay Alay! 7-20 10 -16 4 -12 0 -8 -1 
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CE401 32 -88 52 Maki “SO si 50 -76 48 -72 46 -68 42 -64 40 
CE401 33 -60 SY Ks) 55) e522 Sy Aer °) 30 -44 26 -40 24 -36 20 
CE401 34 -32 16 -28 14 -24 20 By MIS Le folly -1 -8 -3 
CE401 35 -4 -6 0 -9 4 -12 8 -14 IA alts) L620 AD SA) 
CE401 36 D2. 28 -28 SA" se Sil 3600-33 40 -32 44 -32 48 -36 
CE401 37 Dass: 56° --49 60 -52 64 -47 68 -41 72 ~-47 76 -60 
CE401 38 80 -69 84 -72 88 -61 92 -46 96 -41 100 -41 104 -44 
CE401 3O) LOB -sS2 TAQ 89) v Te veya nalAVe pe 77 mln se wol2in O29 ps2) ee) 
CE401 BAS ISoe-OommGOn 1Olul4a. NOS ae. LOS lo2 108m ol o6 als Ti GOm a2 
CE401 SBeploan el {mene se Gnemluy 2 ool O aN 7i6u 22 NBO 1245 Ore au 26 SLs Sale 
CE401 SCP O22 TN IG e320 200) 134 (2045-136, 2087-170 212 -WaO 26 Sr a2 


CE401 41620522 500 81 -145 -104 52 -100 53 -96 Dee: 52 
CE401 42 -88 Oe 50 -80 50 -/6 48 -72 46 -68 42 -64 40 
CE401 43 -60 BY) iy SEX) Si 92 32 -48 30 -44 26 -40 23 -36 L7/ 
CE401 44 -32 15 -28 UPD ro 7-20 1 -16 Opn b2. -3 -8 -4 
CE401 45 -4 -8 OL = 4 -14 (jute) 12 -19 Se SPAiL 20 -24 
CE401 46 24 -26 28 -30 32 -34 36.) 0-36 40 -37 44 -37 48 -38 
CE401 47 5A. sthil Syn ol) 60 -51 64 -55 68 -55 72 = -49 UO: 8 SG5) 
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CASE 501 

CE501 11620719 0 79 -150 -88 
CE501 12 -72 50 -68 50 -64 49 -60 
CE501 13 -44 34 -40 31 =3'6 Dit Si 
CE501 14 -16 Ibs) 72 9 -8 7 -4 
CE501 15 12 -7 16 -9 20 -13 24 
CE501 16 40 -24 44 -28 48 -30 52 
CE501 7 68 -43 TO w= 45) 76 -49 80 
CE501 18 96 -61 100 -63 104 -65 108 
CE501 OR S24 7-8 ON S28 i=8) 2S 28) eS 6 
CE501 1A 152 -99 156 -103 160 -105 164 
CE501 1B 180 -120 184 -122 188 -125 192 
CE501 UG 20 82-3 6h 2e2 Se '3 9 26ers Oh 2.0 
CE501 21620719 100 79 -150 -88 
CE501 2 aif? 50 -68 50 -64 49 -60 
CE501 23 -44 34 -40 BY SN) 7xey S72 
CE501 24 -16 ILsy oly 9 -8 6 -4 
CE501 25 12 -8 16 -10 AO) Als} 24 
CE501 26 40 -26 44 -30 48 -32 52 
CE501 27 68 -46 72 ~=-48 Ka 3ey3} 80 
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CE501 | off 2 50 -68 50 -64 49 -60 
CE501 33 -44 34 -40 32 -36 Die r= SZ 
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CE501 36 40 -29 44 -33 48 -37 52. 
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CE501 41620719 500 79 -150 -88 
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-96 
-68 
-40 
12) 

16 
4d 
72 
100 
128 
156 
184 


-124 


32 
60 
88 
116 
144 
172 
200 
228 


-76 
-48 
-20 
8 
36 
64 
92 
120 
148 
176 
204 


(Sheetal Guonecn) 
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CE801 31620727 300 80 -150 -88 50 -84 50 -80 50 -76 50 
CE801 32 -72 50 -68 50 -64 50 -60 50 -56 50) 52 50 -48 50 
CE801 33-44 50 -40 500, =3.6), 49) 3.2 25 -28 20 -24 15 -20 13 
CE801 34 -16 10 -12 6 -8 3 -4 0 0 -3 4 -6 8 -9 
CE801 35 UW oil) 16) a3 20 -17 24 -20 CX} 272 32) =20 36 -24 
CE801 SG) BO) S25 A rosKoyy sy alts} 33) ail’) 56 -25 60 -34 64 -40 
CE801 37 68 -44 Uo SET) 76 -50 80 -52 84 -54 S856 O24 2S) 
CE801 38 26-620 OO 657 LO 67) VO8s 695) 2) V7.2) 16 7/6 20) 919 
CE801 SOUZA 6228 me Oy elo 2.09 S692) OF OA aa Oi As 99 
CE801 SAV 52-0 56-102) Wall60) 1037 164-105) 168-1077) 172-1095 76-1: 
CE801 SB SO = Sr say —iluloy 88) ae 92 aS 196) — 2 200) 1230 204-127 
CE801 3€ 208 -130 212 -134 216 -137 220 -140 224 -141 228 -141 


CE801 41620727 500 80 -150 -88 50 -84 50 -80 50 -76 50 
CE80l1 42 -72 50 -68 50 -64 50 -60 50 -56 0) 372 50 -48 50 
CE801 43 -44 50 -40 50" (36> 497-32 25). = 28 20 -24 L520 5 
CE801 44 -16 ish) aul 9 -8 5 -4 1 0 -1 4 -4 8 -6 
CE801 45 12 -7 16 -9 20 -10 24 -12 285 15 B20 157, SO 22. 
GESOI 46 40) -30) 445-2207 48-18 S222, 56 -29 60 -37 64 -42 
CE801 47 68 -45 72 =-48 76 = -51 80 -52 84 -54 88 -56 92 2oy) 
CE801 48 657625 lOOR S65 04 685 1085 1-690) 125-72) ANG) 755 E20 78 
CE801l 49 124 -82 128 -85 132 -89 136 -92 140 -93 144 -96 148 -98 
CE801 4A 152 -100 156 -102 160 -103 164 -106 168 -107 172 -110 176 -110 
CESOIN 4B 180) 113 L845 l5 VSS e—1s: O29 196-120" 200) - 123) 204-127, 
CE801 4¢C 208 -130 212 -134 216 -137 220 -139 224 -141 228 -141 


CE801 51620727 1000 80 -150 -88 50 -84 50 -80 50 -/6 50 
CE801 52 -72 50 -68 50 -64 50 -60 50 -56 50) =52 50 -48 50 
CE801 53 -44 50 -40 D036 49 32 2 20 20 -24 L520 15 
CE801 54 -16 ibs} sl 8 -8 4 -4 0 0 0 4 -2 8 -2 
CE801 25) Wy -4 16 -6 20 -9 he ala 28) 9-15 32) 8 S623 
CE801 56 HQ) S29) thE DEY AS al) S224 56 -30 60 -38 64 -42 
CE801 57 68 -46 122— -49 UO eSb 80 -54 84 -55 88 -58 927 61! 
CE801 58 IE 63 OOM 6a lO4 68. 108i 69 dM —7 25 IG i 208 
CE801 DO 2G Sle 2884 S28 S69 9-88." 140) 93) Gas OS ee oy, 
CE801 SAW TS 2-100) 156) -102) W6Or-105) 164-105 68-106 72-108) 1767-10 
CE801 DBAS 0 eels lS ra nes Se vale OD ON OG 2 200 at 3 204 AED 
CE801 5G) 208-130 22h 134) 206) 137) 220) 139. 224 0a 228 — aa 


CE801 61620727 1500 80 -150 -88 50 -84 50 -80 D0 6 50 
CE801 62 -72 50 -68 50) -64 50) °-60 50 -56 DON a2 50 -48 50 
CE801 63 -44 50 -40 SOMe- SO 495-32 29) =28 20 -24 1S) 7X0) 14 
CE801 64 -16 2 jel? 8 -8 5 -4 1 0 0 4 -1 8 -1 
CE801 65 12 -3 16 -5 20 -9 200 Als XS odo) 32) 5 =, 9 ech 
CE801 66) 40-307 445) -225 48-19 2 25) D6 = Sz 60 -39 64 -44 
CE801 67 68 -48 UBS ook 76 -52 80 -55 84 -57 88 -59 9250-62 
CE801 68 SG Oo LOOM 66 LOG 680 N08 70. 12s 73) 16. V/s) 205.8 
CE801 COGS 2s 2oe O40) 1320) 66 1360-89) N40 925 Aa Ot NAS 977, 
CE801 6A 152 -100 156 -103 160 -104 164 -106 168 -107 172 -108 176 -111 
CE801 GB SOs Loa lS Sells a 192 2-19 NIG N21 2008-23 204 h26 
CE801 6C 208 -130 212 -134 216 -137 220 -139 224 -141 228 -141 
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CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 


CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 


CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 


CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 
CE801 


71620727 2000 


72 


82 


101620727 5000 


102 
103 
104 
105 
106 
107 
108 
109 
10A 
10B 
10¢ 


-72 50 
-44 50 
-16 13 
12 -2 
40 -29 
68 -49 
96 -65 
124 -81 
152 -100 
180 -112 
208 -129 
81620727 3000 
-72 50 
-44 50 
-16 13 
12 -4 
40 -27 
68 -48 
96 -66 
124 -81 
152 -99 
180 -113 
208 -129 
91620727 4000 
-72 50 
-44 50 
-16 13 
12 -3 
40 -31 
68 -51 
96 -64 
124 -76 
S29 4) 
180 -111 
208 -126 
-72 50 
-44 50 
-16 13 
12 -2 
40 -28 
68 -51 
96 -68 
124 -80 
152 -98 
180 -113 
208 -129 


80 - 


-68 
-40 
-12 

16 

44 

72 
100 
128 
156 
184 
212 


80 - 


-68 
-40 
-12 

16 

44 

W2: 
100 
128 
156 
184 
212 


80 - 


-68 
-40 
-12 

16 

44 

72 
100 
128 
156 
184 
212 


80 - 


-68 
-40 
-12 

16 

44 

72 
100 
128 
156 
184 
212 


Table C3 (Continued) 


150 
50 
50 

9 
-5 
SDD) 
-53 
-68 
-84 

-102 

-115 

=133 


150 
50 
50 
Lal 
-7 

-17 
-51 
-69 
-82 

-101 

-115 

-133 


150 
50 
50 
11 
-6 

-22 
-54 
-67 
-81 
-99 
-114 
-130 


150 
50 
50 
2 
-5 

-19 
-54 
-70 
-82 

-101 

-116 

-133 


-88 
-64 50 -60 
-36 49 -32 
-8 6 -4 
20 =] 24 
48 -19 52 
76 -54 80 


-88 
-64 50 -60 
-36 49 -32 
-8 8 -4 
20 -10 24 
48 -21 52 
76 -53 80 


-88 
-64 50 -60 
-36 49-32 
-8 8 -4 
20 -8 24 
48 -20 52 
76 -57 80 


-88 
-64 50 -60 
-36 49 -32 
-8 8 -4 
20 -8 24 
48 -21 52 
76 = -57 80 


188 -118 192 
216 -136 220 


(Continued ) 
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-80 50 -76 50 
=32 50 -48 50 
-24 18 -20 15 
4 1 8 0 
S72 il 7/ 36 -26 
60 -39 64 -47 
88 -64 I2 > eB// 
ING a MAO Sis} 
144 -92 148 -96 
172-109 176-110 
200 -123 204 -126 
228 -140 
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CASE 901 

CE901 11620803 0 78 -130 -116 70 -112 70 -108 70 -104 70 
CE901 12 -100 70 -96 VO, ey 70 -88 70 -84 70 -80 70-76 70 
CE901 Sy /22 70 -68 70 -64 51 -60 40 -56 38 -52 36 -48 34 
CE901 14 -44 30 -40 28 -36 2TRI3 2. 2328, 20 -24 18 -20 14 
CE901 15 -16 ADIL ake, 7 -8 5 -4 2 0 0 4 -2 8 -4 
CE901 16 12 -8 IS oalal 208 a 24 6 ZAsyii OMY) 322A 36 -24 
CcE901 17 AO) | oP) BS RE) AS esi 52. -34 DS) 1 S55) 60 -39 64 -41 
CE901 18 68 -45 72 ~=~-47 76 -50 SOR a2 84 -54 88 -56 Ys, (XO) 
CE901 19 O65, S62) WOO) S@R OA SG Woy s/t a 7s SENS) Sy ALAA 7K) 
CE901 VAR I2A i Ole 28e a 83e 1320-86) 1365885 140) (92 Naa 945 M485 98 
CE901 1B 152 -100 156 -103 160 -105 164 -109 168 -111 172 -115 176 -116 
CE901 1¢ 180 -119 184 -121 188 -123 192 -126 


CE901 21620803 100 78 -130 -116 70. -112 70 -108 70 -104 70 
CE901 22 -100 70 -96 100-92 70 -88 70 -84 70 = -80 70 -76 70 
CE901 Ds) aye 70 -68 70 -64 5-60, “405-56 38 1-52 36 6-48 34 
CE901 24 -44 30 -40 28 -36 ZG 1332 26 -28 22 -24 MW) ZY) Ly) 
CE901 25 -16 1S) ot? 9 -8 5 -4 0 0 -6 4 -7 8 -9 
CE901 26 2) silil Gy sil 20)» il) 24 -18 Ao) 3727) 325 25 36 -26 
CE901 27 40 -25 44 -27 48 -25 By 22] 56 -34 60 -34 64 -37 
CE901 28 68 -48 U2 eS!) 76 -65 80 -68 84 -65 88 -57 V2 thy 
CE901 29 OS, » SH) 1100) SAO) OVA wah ILO aby EIA lsy7F NG) S12) 0) 7/7/ 
CE901 DYN NOY a VIDE) Sy Sy hall MASK ey) Sates WACO) PIs) AVA SEN )SY  IWANey 8 7) 
CE901 2B 152 -103 156 -103 160 -105 164 -111 168 -114 172 -115 176 -120 
CE901 2c 180 -119 184 -120 188 -123 192 -126 


CE901 31620803 310 78 -130 -116 7O -112 70 -108 70 -104 70 
CE901 32 -100 70 -96 70 -92 70 -88 70 -84 70 -80 70 -76 70 
CE901 33} eZ 70 -68 70 -64 Se 608) 2405-56 S352 36 6-48 34 
CE901 34 -44 31 -40 29° 36 232, 25" =28 21 -24 19 ~=-20 16 
CE901 35 -16 Ia oil 6 -8 0 -4 -5 0 =a, 4 -8 Sie les 
CE901 36 Wy els} Gyr -A2 2X0); aks) Pie. =) 28 -24 32) = 28 5) S72 
CE901 37 40 -33 4&-—-32 48 -31 S232: 56m 39 60 -40 64 -46 
CE901 38 68 -45 72, = -421 76 -42 80 -50 84 -59 88 -66 ee vey al 
CE901 39 SGu ove lOOne Om 1O49 50m LOSm -445 12h 430 Ml6n) (435 el20 R35 
CE901 SAG LOG 62 el omens 2m 780 2136. Ope 400-90 Lae ON aero 4 
CE901 BD LAG SiON MSG SUOG, “WSO SOS). « UGVAP SIMO) Sw AUCs} easy peal yes a IMs} IL) 125) 
CE901 SCS Or 125 eelS 42s 188) 26 92 328 


CE901 41620803 620 78 -130 -116 TOp = 1a? 70 -108 70 -104 70 
CE901 42 -100 70 -96 70 -92 70 -88 70 -84 70 -80 70 -76 70 
CE901 43 -72 70 -68 70 -64 51 -60 40 -56 SOM 2 36 6-48 34 
CE901 44 -44 31 -40 29 -36 RY 232 24 -28 20 -24 IL SLO 1L3) 
CE901 45 -16 Al! oily 5 -8 0 -4 -5 0) -9 4 -10 8 -14 
CE901 46 2 r= 1167) 16 -17 20 -16 24 -18 28 -24 32 SY) SiH. 2 8}5) 
CE901 47 40 -39 44 -42 48 -44 Di2ae = 2. 56 -38 60 -39 64 -43 
CE901 48 68 -45 72 = =-43 76 -40 80. -39 84 -45 88a =55) 92 -65 
CE901 49 OB ~ 66O. 100). » SGA TAO SSS) OG) stay? I eos}. IAG SAS). AO) BY) 
CE901 BIN NOB SOS MDG AGS NSD eS NEG Sty WAC) See SN Aves SCY) AAS) I L0)} 
CE901 ERe MISO OGe aS Gr lOSs 16OnSIMOn M640 il Se WEB Ty Mir 2e 2 G2 
CE901 4G 180 -126 184 -126 188 -128 192 -129 
(Continued ) 
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CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 


CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 


CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 


CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 


Table C3 (Continued) 


51620803 930 
52 -100 70 
53 720 | 0 
5h) 4a 3 
55) yale AS 
56. 12. 16 
57. 40) 339 
5g 68) 243 
59 96 -65 
5A 124 -53 
5B 152 -105 
Se) 180-103 
61620803 1240 
62021001) 170 
630 472, 3710 
Gil plblha  S¥ 
65° 216 7 
66.) old, als 
67 40 -38 
68 68 -44 
69 96 -60 
6A 124 -52 
6B 152 -108 
66) 180 =123 
71620803 1550 
7221000) 70 
730 212. JO 
is colby B¥il 
75-16 6 
WG Qe 
Th AO) eal 
78 68 -43 
TO) O68 235 
Tike) U2" 49 
7B 152 -108 
AG 80) 124 
81620803 2380 
C2100. 670 
63) 5725, 70 
hy alten“ S¥iL 
Bou =lier 4.9 
86.) 10) 215 
7 AO BAS 
88 68 -44 
89 96 -52 
8A 124 -49 
8B) , 152) -107 
Sen 180-124 


782130 
-96 70 
268." 70 
=770u 29 
Aa | 8 
16-15 
4h -44 
TD lS 
100 -64 
128 -60 
156 -111 
184 -125 
78 -130 
-96 70 
-68 70 
-40 29 
512 2 
16, 213 
44-41 
7D lh 
100 -62 
WOE: 58 
156,- 2 
184 -124 
78 -130 
-96 70 
-68 70 
77400 29 
S12. “Hl 
16 -13 
44  -45 
Te lib 
100 -61 
128 -56 
156 -110 
184 -125 
78) 130 
2965" 70 
268570 
7,05 29 
BN D0 Lk 
V3) oils) 
44 -48 
[De oie 
100 -58 
1G) BSS} 
156. odie 
184 -125 


-116 
-92 70 -88 
-64 51 -60 
- 36 Zi) ass22 
-8 -2 -4 
20) =35) 24 
48 -45 52 
76 -41 80 
OY SSS) alloys} 
is 7/0) SIG 
160 -113 164 
188 -127 192 
-116 
-92 70 -88 
-64 51 -60 
-36 2 = 32) 
-8 -3 -4 
20 -14 24 
48 -45 52 
76 -42 80 
104 -54 108 
1325 = 69) 5 lS 6 
160 -112 164 
188 -127 192 
-116 
-92 70 -88 
-64 51 -60 
-36 27 =32 
-8 -4 -4 
20 -16 24 
48 -47 5 
76 -43 80 
104 -57 108 
UB2s » caer VILEYS 
160 -114 164 
188 -125 192 
-116 
-92 70 =-88 
-64 51 -60 
- 36 2 =e. 
-8 -1 -4 
20 -18 24 
48 -50 52 
76 -44 80 
104 -57 108 
132 -63 136 
160 -113 164 
188 -126 192 
(Continued) 
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CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 


CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 


CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 


CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 
CE901 


91620803 3100 


92 -100 70 
OB 7/2 70 
94 -44 31 
QS. cil 13 
96 WW oils) 
By) 40 -45 
98 68 -47 
99 96 -52 
9A 124 -46 
9B 152 -104 
HG) AsO). oils} 
101620803 3410 
102 -100 70 
OB 7/2 70 
104 -44 Sil 
105 -16 its} 
106 2S 
107 40 -45 
108 68 -51 
109 YO sH2 
10A 124 -46 
10B 152 -100 
10c 180 -124 
111620803 3757 
112 -100 70 
ALES 7,2. 70 
114 -44 Sl 
INS Ale 15) 
116 2 S17 
617 40 -44 
118 6877-5) 
119 96 -54 
11A 124 -46 
IIs ALS, -salsl 
ALA ALSKO)) SaL25) 
121620803 4030 
122 -100 70 
WAS SoZ 70 
124 -44 31 
ILS) | als) Ily/ 
126 WA» 5223} 
127 40 -43 
128 68 -53 
129 96 -54 
12A 124 -47 
12B 152 -104 
U2C US OR —N23 


78 -130 
-96 70 
-68 70 
-40 29 
-12 7 
16 -20 
44 -51 
72 =-46 
100 -60 
28 2. 
156 -109 
184 -124 
78 -130 
-96 70 
-68 70 
-40 29 
-12 7 
16-20 
44 -49 
72 ~=-49 
100 -60 
WAS V2 
156 -106 
184 -124 
78 -130 
-96 70 
-68 70 
-40 29 
-12 9 
16 -23 
44-47 
72, ~-50 
100 -63 
128 -52 
156 -102 
184 -125 
78 -130 
-96 70 
-68 70 
-40 Oe) 
-12 11 
16 -26 
44 -46 
U2S o3y8) 
100 -63 
2859. 
156 -106 
184 -124 
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-116 

-92 70 -88 
-64 51 -60 
-36 26) 32 
-8 0 -4 

20 -26 24 

48 -54 52 

76 -47 80 


104 -61 108 
13259) 36 
160 -111 164 


188 -126 192 
-116 

-92 70 -88 
-64 51 -60 
-36 By aS. 
-8 1 -4 

20), 27 24 

48 -51 52 

76 =-47 80 


LS =U25e ao 
-116 

-92 70 -88 
-64 51 -60 
-36 2 SEIS 2. 
-8 2 -4 

20 -29 24 

48 -50 DZ. 

76 = -47 80 


132. 59). ISK) 
160 -108 164 
T88y M26 192 
-116 

-92 70 -88 
-64 51 -60 
-36 28 -32 
-8 4 -4 

AO, 4228) 24 

48 -49 52 

76 -50 80 


160 -105 164 
188 -124 192 
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-108 70 -104 70 
-80 70 -76 70 
-52 36 6-48 34 
-24 20 -20 16 

iy oil3} 8 -14 
32) 317 36-41! 
60 -52 64 -49 
88 -38 92° -41 

116 -40 120 -41 
NAVA IS) YASS SOY) 
ILP ZA ALIS}, ALAS), Ata, 


-108 70 -104 70 
-80 TO Hi 70 
-52 36 6-48 34 
-24 20 -20 16 

Qowren2 8 -14 
52-56 36 -40 
60 -52 64° = =53 
88 -38 92 -42 

DG 41 a 20F 4a 
144 -91 148 -96 
M72 SUI AL) aal27 


-108 70 -104 70 
-80 ZO). S79 70 
-52 36 6-48 34 
-24 22 -20 18 

4 -15 8 -17 
32-38 36 -42 
60 -52 64 -52 
88 -40 92 -43 

TGR Al 20 42. 
TAA 95 48 5916 
NGA Alls} AL Saal 2A 


-108 70 -104 70 
-80 70 -76 70 
-52 36 6-48 34 
-24 24 -20 20 

4 -14 See aG 
320-39 36 -42 
60 -54 64 -54 
88 -40 92 -44 

116 -41 120 -42 
144 -88 148 -97 
I Salle) 17s). Sal ily) 
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CE901 131620803 4960 
CE901 132 -100 
CE901 133 -72 
CE901 134 -44 
CE901 135 -16 
CE901 136 12 
CE901 137 40 
CE901 138 68 
CE901 139 96 
CE901 13A 124 
CE901 13B 152 
CE901 13C 180 
CASE 911 

CE911 11620809 
CE911 12 -46 
CE911 13. -18 
CE911 14 10 
CE911 15 38 
CE911 16 66 
CE911 uy 94 
CE911 18 122 
CE911 UG) LO) 
CE911 TAS WS 
CE911 21620809 
CE911 22 -46 
CE911 23 -18 
CE911 24 10 
CE911 25 38 
CE911 26 66 
CE911 Da 94 
CE911 289122 
CE911 Zs) SY) 
CE911 2A 178 
CE911 31620809 
CE911 Sy). ay) 
CE911 S322 
CE911 34 6 
CE911 5)9) 34 
CE911 36 62 
CE911 37 90 
CE911 38 118 
CE911 39 146 
CE911 SYN LI KA 


100 


34 

6 

-9 
-29 
-63 
-34 
-74 
-98 
-118 


310 


36 

6 

-7 
-23 
-37 
-55 
-54 
-103 
-120 


7/8130 
“96mm 70 
20) 710 
SOMNE29 
Sr) 5A 
16 -30 
44 -46 
TD ae 
100 -63 
1G)” 2533} 
156 -102 
184 -125 
65 -128 
Lh) DY 
AO 
VA Sno 
I 32D 
70 -46 
98 -63 
126g = 82 
154 -101 
182 -120 
65 -128 
oe 35 
SW ZA 
WA 515} 
OD) aD 
70 -68 
98a 38 
126 -76 
154 -104 
1G 122 
66 -127 
6a 23 
=1Gun 14 
NOgm 2 
23 sah 
66 -42 
94 -42 
122 -68 
150 -102 
18H 25 
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-92 
-64 
- 36 
-8 
20 
48 
76 
104 
132 
160 
188 


-38 
-10 
18 
46 
74 
102 
130 
158 
186 


- 38 
-10 
18 
46 
74 
102 
130 
158 
186 


-42 
-14 
14 
42 
70 
98 
126 
154 
182 


-116 

70 -88 
51 -60 
29 -32 

6 -4 
-35 24 
-46 D2 
-53 80 
-62 108 
-59 136 
-104 164 
-125 192 
-62 

26 -34 

7 -6 
-12 22 
-31 50 
-49 78 
-66 106 
-84 134 
-104 162 
SIlZs)  ILeo) 
-62 
33-34 

2 -6 
-17 22 
-27 50 
-68 78 
-44 106 
etl alsyA 
-110 162 
-126 190 
-66 

30. «=—-38 

2 -10 
-16 18 
-26 46 
soyl 74 
=o) ALO 
SUS) MSX0) 
-103 158 
-125 186 
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C56 


-112 
-84 
-56 
-28 

0 
28 
56 
84 

IE 
140 
168 


-108 70 
- 80 70 
-52 36 
-24 29 

Usa i15) 
32 -42 
60 -51 
88 -38 

116 -43 
144 -94 
Wy SiLil7/ 
-54 36 
-26 19 

2 -2 
$\0) SIL 
58 -39 
86 -56 

Mala 7th 
142 -92 
170 -113 
-54 37 
-26 15 

2 -3 
Si) Salk 
58 -43 
86 -39 

114 -68 
NA 2a 92 
170 -116 
-58 42 
-30 16 

-2 -3 
26 -26 
54 -35 
82 -65 

110 -39 
138 -90 
166 -113 
194 -127 
(Sheet 24 


-104 70 
-76 70 
-48 34 
-20 25 

8 -19 
36 -44 
64 -53 
92 -4l1 

120 -44 
148 -97 
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APPENDIX D: NOTATION 


Acceleration of gravity 

Depth 

Depth at bar crest 

Deepwater wave height 

Deepwater wavelength 
Cross-shore sand transport rate 
Time 

Wave period 

Sand fall velocity 

Horizontal coordinate or distance 
Location of no profile change 
Maximum berm height 

Maximum bar height 

Location of berm center of mass 


Location of bar center of mass 


Subscript denoting condition at time 1 


Subscript denoting condition at time 2 


Numerical constant (3.14159...) 
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